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This investigation resulted in the development of a means of 
predicting the discharge of water through an internal spillway type 
rockfill dam. From the data obtained during the various tests, 
equations were developed by which the coefficient of discharge for 
an internal spillway type rockfill dam can be determined when the 
core height, rock size and head causing flow are known. The equations 
give results with an error of less than 5%, which is adequate for 
engineering works. 
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CHAPTER I 
INTRODUCTION 
Rockfill dams are generally conceded to have had their be­
ginning in California in the days of the Gold Rush. Since that 
8 
time they have become rather connnon in occurrence, but due to the 
high cost of quarrying the rock itself, are seldom employed in areas 
where concrete or suitable earthfill materials are readily available. 
Yet today, as automation increases our ability to produce, and 
produce at lower costs, project sites and materials offer fewer and 
fewer limitations to construction of any particular type of structure 
at any particular location. This fact has been demonstrated on 
several occasions by the construction of concrete dams or rockfill 
dams in rather remote and practically inaccessible locations. The 
biggest factors in the elimination of problems of site location and 
construction materials have been more efficient methods and 
techniques of construction and the many improvements in design of 
construction equipment which have created the ability to complete 
the larger job with more speed and economy. It would perhaps be too 
positive of a statement to say explicitly where or when to use a 
rockfill dam, because every dam is an individual problem and should 
be considered in that light and designed accordingly. The type of 
material used would naturally be a design consideration, and on 
many occasions rockfill would be more desirable than concrete or some 
earthfill material, perhaps because of availability of material or 
purpose of construction. The number of sites where concrete or 
masonry dams may be constructed is decreasing, one reason being that 
foundation problems are more critical in concrete dams than in rock­
fill dams. Rockfill dams are particularly desirable where flash 
floods are frequent, where proper equipment and personnel are 
9 
limited, and where economic limitations likewise might dictate or 
require this type of fill material. Certain combinations of geologic, 
topographic, and climatic conditions often found in the arid South­
west and in Mexico generate an ideal potential for flash floods and 
are the reasons why many rockfill dams are used in those areas. 
During the period of construction of most dams, water is 
diverted or by-passed around or over the immediate area of con­
struction by means of diversion tunnels, open channels, or sluiceways 
through the construction. The method of diversion, and the capacity 
or ability to divert water could be a very critical and expensive 
feature of construction in areas where flash floods occur, as the 
by-pass tunnels would not normally be designed to carry maximum flood 
flows. The expense of providing for diversion of maximum floods 
could make the cost of a project prohibitive, yet if overtopping of 
construction work occurred where a concrete or masonry dam or earth­
fill structure was being constructed, a serious problem could 
develop, one which might not only be costly in the loss of con­
struction equipment, materials and time, but also costly in property 
damage and human life. In the case of rockfill dams the floods could 
be safely passed over the fill during construction with a minimum 
damage, if any, provided the dam is properly designed and protected in 
an appropriate manner, for it is general knowledge and a widely 
10 
accepted fact that rockfill dams cannot be overtopped without risk of 
failure. Protection can be provided by laying a steel mesh mat on 
the downstream face of the dam, and securing the mesh to the dam it­
self by means of anchor bars, with hooks or plates on the ends 
running into the fill, such as have been used in the 'San Ildefonso' 
Dam in Mexico, located on the Prieto River about 15 miles upstream 
from the town of San Juan del Rio in the State of Queretaro. 
An internal spillway type structure is a relatively new 
innovation in the field of hydraulic structures, and is unconventional 
in that the norma 1 spillway s truc·ture familiar to most darns is 
missing. Rather than have the ordinary type of spillway, the rock­
fill itself serves as the spillway vehicle, the spillway section 
being the vertical area immediately above the centrally located im­
permeable core. Having the impermeable core located internally in 
the dam, rather than as a blanket on the upstream face of the dam 
might be a disadvantage because of its inaccessibility. However, 
no very serious problems should develop which could not be solved in 
a practical manner, and the advantages of such a location would 
offset any disadvantages. The primary advantage would be in the 
saving of costs_, not only first costs but also maintenance costs, 
and time, factors which have very high monetary values. 
Flows occur over the internal central core because the pool 
level above the darn is above the crest level of the core, and thus a 
certain head exists on the core. It is obvious that if flow is to 
occur over the core, this condition must exist, but this same con­
dition which causes flow to occur from the pool above the dam to 
the basin below the dam is also associated with considerable energy 
dissipation during this process of water movement. When flow occurs 
over the ordinary spillway section, common to most dams, energy 
dissipation requires construction of baffle and stilling installations 
at the bottom of the spillway, particularly if the tailwater level 
{level of the water surface in the basin below the dam) is not high 
enough to cause a hydraulic jump, a natural phenomenon which is used 
extensively by engineers to dissipate the kinetic energy of the water 
at the bottom of a spillway. Considerable problems exist in the 
maintaining of the baffles and apron on which the baffles are lo-
cated, but it has been shown in many instances that these energy 
dissipators are necessary. The internal spillway type structure has 
a built-in energy dissipater, due to the fact that the dissipation 
of energy associated with the fall of the water from the pool level 
to the tailwater level will occur in the rockfill itself without 
damage to the stability or structural strength of the dam. This 
feature is very likely the most unique and desirable characteristic 
of the internal type spillway. 
The primary purpose of this study is to endeavor to establish 
some criteria for the design of internal spillway type rockfill dams. 
As no design criteria is presently available for such a structure, an 
attempt will be made to show that a relation exists between the 
coefficient of discharge, and the height of core and the head on the 
core; and that there is also a correlation between the size of rock, 
and the coefficient of discharge for the core. A vertical spillway 
section was chosen because of the known applicability of the standard 
1/2 3/2 
weir equation (Q = 2/3 CL (2g) H ) to flow of water over the core, 
12 
which in effect could be treated as a rectangular weir. A weir is an 
obstruction in a flow path, used as a means of metering flow, and 
which is probably the most used of all measuring devices for measuring 
flow in open channels . The standard equation for a rectangular 
suppressed weir was used as a means for comparing the results ob­
tained in this study . This study is essentially a pioneering effort 
or basic approach to the development of criteria for the design of 
internal spillways for rockfill dams and certainly there will be many 
questions which will have to be answered by further investigation and 
study . 
This problem was selected when the author first heard of the 
lack of information existing on internal spillways. The engineering 
nerit of this subject has been demonstrated by the fact that several 
structures of this type have been constructed and partially studied 
in Australia. Any internal spillway type rockfill dam designed to 
date, has been designed with a general lack of knowledge and 
experience, and any information developed from this study will add 
materially to information and experience presently available. 
13 
CHAPTER II 
REVIEW OF LITERATURE 
The internal spillway type rockfill dam probably originated in 
Australia, for it is there that the only known investigations relative 
to this subject have taken place. The fact that water flows through 
a rockfill has long been a matter of knowledge, but the amount that 
could be safely passed through the fill is a matter of conjecture. 
uA knowledge of the conditions for maximum safe discharge with 
accurate means of calculation of its extent could enable rockfill 
dams to be built without conventional spillways, and would make it 
possible to forecast the behavior of floods during construction 
1 periods over partially completed dams." The interest in this sub-
ject by J. F o Wilkins, an Australian engineer, prompted the first 
and only known investigations in this area. The investigations of 
the flow of water through rockfills were made on two prototype dams 
under construction; Laughing Jack Dam, a rockfill dam forty feet high 
and Wayatinah B Dam, a sixty five foot high rockfill structure, both 
located on the island of Tasmania off the southern coast of Australia. 
During construction of the Wayatinah B Dam, two floods passed over 
the partially completed structure, and although the second was of 
rather large proportion, the only damage that could be detected was 
a slight bulging of the rock at the toe of the downstream face of the 
dam. "The bulging was attributed to insufficient anchorage of steel 
1. WILKI NS, J .. K .. , Flow of Water Through Rock Fill and its 
Application to the Design of Dams (1955) New Zealand Engineering, 
p. 382-387. 
at this point." 
1 
It is obvious in this type of structure, since over-
topping of the dam during construction can be anticipated,'that the 
downstream face of the dam must be protected against floods passing 
over the rock. In this study the method of protection used in dams 
found in Mexico, particularly the San Ildefonso Dam, was adopted. The 
method of protection was in the form of an "exposed mesh of 3/4 inch 
round reinforcing bars •.. the center to center spacing being, for 
horizontal bars, one foot on centers and for sloping bars, four feet 
on centers, and wired together at the intersections. This steel mesh 
was thus anchored to the rockfill· by thirteen foot steel bars, with 
hooks at both ends, spaced three feet vertically and four feet 
horizontally. 11
2 
There seems to be no reason why the methods of construction 
employed in Mexican dams cannot be applied to construction of rockfill 
dams in the United States. The Mexican rockfill dams are usually 
constructed in such a manner that during construction if floods 
occur and overtop the structure, they are not destroyed. The most 
important feature of these dams is the method of protection used to 
prevent failure of the downstream slopes. As mentioned above, this 
protection is a� exposed mesh of reinforcing steel which has met with 
much success in reducing repair costs occurring when a dam is 
overtopped. Construction methods usually require the construction of 
costly by-pass tunnels or open channels to divert the maximum flood 
1. WILKINS, J. K. , Flow of Water Through Rock Fil_! and its 
Application to the Design of Dams (1955) New Zealand Engineering, 
p. 382-387. 
2. WEISS, ANDREW, Construction Technique of Pass in� Floods � 
Earth Dams (1951). Transactions, A.S. C.E o , Paper 2461, p. 1158-1173. 
flows expected to occur during the construction period. With the 
adoption of the Mexican system of construction, the maximum flood 
flows could safely be passed through and over a partially completed 
rockfill dam. Assuming that some part of the maximum flood flow 
expected would be diverted around the dam, the cost of the diversion 
works could be reduced by permitting any extreme flood flow to pass 
through and over the dam, 
In 1958 the town of Osceola, Iowa found it necessary to in-
crease the capacity of its water reservoir due to a natural growth 
in population. They achieved this means by constructing a loose-rock 
spillway low-head dam, and as no similar structure had been in known 
use at that time, the design and construction of this dam was com-
pleted without benefit of previous experience . The spillway " has a 
flat crest 100 feet long and sloping crests on each end making a 
3 
total crest length of 124 feet. " The total cost of this spillway 
was $16, 000 as compared to estimates of from $50, 000 to $100, 000 for 
the same capacity spillway of conventional concrete. Even though it 
is different than the internal spillway, the Osceola loose-rock 
spillway is the first known advance in that direction in the United 
States, and is an illustration of the fact that rockfill type 
structures might be very economical in many cases. 
Design criteria for rockfill dams is very similar to those 
for earthfill dams, but there are some features which must have 
special consideration. One of the most important design problems 
3. BARR, DOUGLAS W. and R. W. ROSENE > Jr., Loose-Rock Spillway for 
Low-Head Dam (1958) Civil Engineering, Vol. 28, No. 4� 50-51. 
for rockfill dams is the foundation, which must allow for a minimum 
of settlement. " It is therefore important that the structure be 
founded upon rock or upon well consolidated gravels or clays. 
Materials which tend to flow under load should be avoided as 
foundations. 11
4 
Rock used in the dam should be hard, durable, and able to 
withstand the weathering effects of air and water. Generally the 
fill material will be composed of quarry-run rock, and will be dumped 
on the fill without compaction. Dumped fills can lead to very 
serious problems and could lead to the ultimate failure of the 
structure, if possible settlement problems are overlooked during the 
design and construction. Some compaction will be attained through 
the medium of construction equipment, and high velocity streams from 
a 'hydraulic giant' sluicing the material over the fill can also help 
accomplish compaction, but the biggest compaction will come as the 
headwater rises behind the dam. "It is often desirable to sluice 
each layer during placement with water from high velocity nozzles, 
using a volume of water equal to two or three times the volume of 
rock. Sluicing of quarry-run rock provides point bearing of the 
larger sizes, as all smaller sizes are washed into the voids. This 
will provide a dense fill and minimize future settlement. Sometimes 
5 
gravel is sluiced into the rockfill as layers are placed." Rockfill 
dams achieve their watertightness by means of an impermeable membrane, 
generally constructed of concrete and laid in the form of a blanket 
4. Natural Resources Connnittee, ·Low Dams (1938), p. 153-154. 
5. U o S. Department of the Interior, Bureau of . Reclamation, 
Design of Small Dams (1960) , p. 229. 
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on the upstream face of the dam. It is therefore obvious that only 
minor settlement or consolidation of the rock can be tolerated upon 
filling the reservoir. In most conventional dams, where an earth, 
concrete, steel or timber blanket rests on the upstream face, the 
settlement which occurs through compaction of the rock may cause the 
blanket to crack and possibly fail if this problem has not been 
considered. 
The crest width of a rockfill dam is generally governed by 
height, but should be a minimum of ten to fourteen feet unless a 
roadway requires a greater width.· "Side slopes for rockfills on the 
downstream side should have a minimum steepness of from 1 1/4 
(horizontal) to 1 (vertical) to 1 1/2 to 1. Side slopes of 3/4 to 1 
on upstream slopes are not unconnnon where provision is made to 
prevent raveling and in some cases where a timber or concrete deck 
is used as a flow retarding element.11
6 
In the case of the internal 
spillway where no impermeable membrane is laid on the upstream face, 
the slopes of the upstream and downstream faces of the dam are 
governed by the type of equipment used and the economical problem of 
using more fill material. It would certainly be advantageous to 
maintain slopes as close to the angle of repose of the dumped rock as 
possible from an economical point of view, as steeper slopes will 
require less rock than flatter slopes. 
The large number of dams found on natural water streams offer 
an excellent opportunity to measure the flow of water in the stream. 
6. Natural Resources Connnittee, Low Dams (1938), p. 154. 
1.8 
The coefficient of discharge for the dam must be determined first, 
in order that one of the many available flow formulas can be used. 
There are any number of weir formulas, such as the Bazin, Fteley 
and Stearns, or Smith and Francis, which could be used for deter-
mining the discharge, and it is impossible to say that any one of 
them is better than the others for general use. All of the formulas 
tend to approximate the general weir equation which is of the form, 
Q = 2/3 Cb (2g)
1/2 
H
3/2, where b is the crest length, C the 
coefficient of discharge of the weir, H is the head over the crest 
of the weir, and g is the acceleration due to gravity, generally 
--2 
taken as 32. 2 ft. /sec. Although g varies slightly with latitude 
--2 
and altitude, 32.2 ft. /sec. is sufficiently accurate for all 
hydraulic computations. The general weir formula was therefore used 
in this study because it closely approximates the spillway section 
under investigation. 
The internal spillway with a centrally located impermeable 
vertical core, approaches the condition of a rectangular suppressed 
weir. Although there are many empirical formulas and any number of 
available coefficients of discharge to use in the formulas, there is 
no known relation existing for the variation of the discharge 
coefficient with rock size or weir height for flow through rockfill. 
An attempt has been made in this study to establish such a relation. 
CHAPTER III 
GENERAL DISCUSSION OF PROBLEM 
The problem undertaken in this study was an attempt to establish 
a relation between the coefficient of discharge for an internal spill­
way type rockfill dam and the size of rock used in the dam, the head 
causing flow, and the core height. At the beginning of the project, a 
study of existing rockfill dams was made to ascertain the extent of 
the apparatus required for performing tests. A rather incomplete model 
study was initiated to determine the standard section, size of rock, 
head on the dam, and other information pertinent to the construction 
of the model. It was decided for the preliminary model to use only 
geometric similarity with a length scale ratio of 1/20. For the actual 
study a larger model was desired, but the scale ratio of 1:20 was 
retained due to space limitations and lack of larger collection and 
weighing equipment. The prototype dam investigated was five feet 
high, had a crest width of ten feet with twenty to thirty inch diameter 
rock used in the rock fill. A one foot crest length was selected for 
the channel section in the model, so as to be able to obtain fairly 
high flow rates .and heads within the range of the length scale ratio. 
A wider channel section was eliminated since collecting and weighing 
equipment sufficiently large to handle the corresponding flows was un­
available, and a thinner section was eliminated to ease the handling 
of rock and construction of the model dam. 
The rock selected for use was a crushed limestone rock quarried 
in the Springfield, Missouri area. The primary reason for its selection 
.;,, 
was immediate availability, as this rock was used in the materials 
testing laboratory and a stockpile was on hand. The results obtained 
from using crushed rock as opposed to 'pit-run ' or other material would 
be practically the same. An important item to be considered is the 
shape of the rock, and all crushed rock would have the same general 
form. It was decided to use one size of rock for the tests with five 
different core heights, and the rock selected was 1 inch to 1\ inch in 
size. 
This would approximate a rock size of twenty to thirty inches 
in diameter in the prototype and seemed to be a reasonable size to use. 
Cognizant of the fact that larger sizes of rock are sometimes used in 
the prototype, larger rock was used in a subsequent test to provide a 
comparison for such a condition. In trying to determine the effect of 
rock size on the discharge, four sizes of rock were used, ranging in 
diameter from 1/2 inch to 4 inches. It was thus felt that the 
comparison of extreme conditions would be studied. 
Several tests were performed to determine specifically the 
effect of core height and rock size on the discharge of water through 
rockfills. Each core was first calibrated without rock to determine 
the coefficient _of discharge of the core, rockfill was then placed 
and the coefficient of discharge again determined. The effect of rock 
size was determined in a like manner, using one core height and four 
sizes of rock. 
Originally, it had been intended to conduct several other 
tests, but due to the added amount of time required to collect such 
additional data, it was decided to omit them. One of the tests 
omitted would have been the determination of the variation of the 
coefficient of discharge with the slope of the core. The idea of using 
a sloping core probably comes from the use of an impermeable blanket 
laid on the upstream face of the darn. In most conventional rockfill 
dams, an impermeable blanket is laid on the upstream face of the dam 
as a flow retarding element to provide a water tight structure. In 
some rockfill dams a sloping core has been used, located internally, 
but generally in close proximity to the upstream face. As far as the 
author has been able to determine, the slopes of practically all in­
ternally located cores were the same as the upstream face of the dam. 
It is obvious that changing the slope of the core will have the effect 
of changing the coefficient of discharge and therefore the amount of 
discharge over the core, since the shape of the streamlines are thus 
altered. If the slope of the core is increased downstream, the effect 
is to increase the flow rate, whereas increasing the slope upstream 
will have the reverse effect of decreasing the flow rate. It is a 
likely perception that there might be a particular slope and location 
of the core which would give the most efficient coefficient of dis­
charge. The larger the discharge coefficient, the greater the flow 
rate will be, and_the most efficient core slope will be the one which 
has the highest coefficient of discharge. 
Another test originally intended to be conducted was the 
determination of the effect of changing downstream and upstream face 
slopes of the dam on the flow rate through the rock. Generally the 
slopes both upstream and downstream are kept as close to the maximum 
as possible, the maximum usually being close to the angle of repose of 
the dumped rock. Naturally several factors require that the slopes 
be flatter than the maximum, one being the type of equipment used in 
construction; another when an impermeable membrane is laid on the up­
stream face. When the upstream face of the dam is paved with concrete 
or various asphaltic mixes, the slope is usually made flatter in order 
to facilitate paving operations. It seems likely that whenever the 
slopes become flatter, especially the upstream slope, that the flow 
streamlines will change their pattern and when this occurs the dis­
charge through the rock will be altered. To widen the crest would 
have a similar effect, as the streamline in the surface of flow would 
drop farther in passing through the rock; in other words, there would 
be a greater head loss through the fill. Any assumptions or 
explanations relevant to the above statements should be verified by 




The tests conducted in this study were performed with the aid 
of a flume twelve feet long, one foot wide, and two and one-half feet 
high designed and built by the author. These dimensions were chosen 
after selecting a prototype dam, and a suitable length scale ratio to 
provide for a model which would best fit the space available. The 
prototype structure under investigation was 50 feet high, had a crest 
width of 10 feet, and had variable side slopes. A flume length of 12 
feet would actually permit the use of slopes approximately three 
horizontal to one vertical. As the impermeable membrane was in the 
form of a centrally located vertical core wall 40 feet high in the 
prototype, the maximum head of water above the core wall of the dam 
would be 10 feet. Therefore heads in the magnitude of 10  feet above 
the core wall in the prototype are of interest in this study. 
It is obvious that a weir of the size of the spillway section 
is capable of discharging a fairly high rate of flow, and that rather 
high velocities and considerable turbulence would be associated with 
the flow. It was t herefore necessary to construct a stilling basin 
capable of handling the anticipated flows. The stilling basin was 
constructed from a tank 23 inches high, 29 inches wide and 69 inches 
long as shown in Figure 1. A section one foot wide and the full width 
of the tank was cut in one end, and a flexible connection was made to 
allow for securing the flume to the stilling tank (see Figure 2) . Across 
the center of the tank was installed a baffling device, constructed of 
Figure 1 
Stilling Basin showing Baffle 
Figure 2 
Flexible Connection Between Flume and Stilling Basin 
3/4 inch to 1 inch rock to eliminate the turbulence associated with 
high rates of discharge. A drop of approximately one foot occurred at 
the connection of the stilling basin to the flume, and although this 
presented no problem when the higher cores were used, considerable tur­
bulence existed when using the 12 inch and 15 inch cores. Therefore, 
another baffle was installed at this location, this baffle being an 
aluminum honeycomb sheet 1\ inches in thickness. The baffles in no way 
hindered velocity of approach, but they were a very effective means of 
reducing turbulence. The elimination or reduction to a minimum of tur­
bulence was critical in this study because excessive turbulence could 
lead to erroneous readings of water head over the core during the 
various tests. 
The first eight feet of the flume was constructed of\ inch 
clear plexiglas, while the last four feet was constructed of 3/8 inch 
marine plywood (see Figure 3). The floor of the flume was likewise 
constructed of 3/8 inch marine plywood, laid on a base of 3/4 inch 
exterior plywood. The flume was supported at three foot intervals 
by frames built of 4 x 4 posts cross-braced. Piezometer connections 
were made in the floor of the flume and spaced at different intervals 
along the floor. These piezometer tubes were l inch plastic tubes 
which were connected to\ inch acrylic tubes mounted as seen in 
Figure 4. The values of the piezometer readings during any test gave 
the information required to plot the hydraulic gradient for any flow. 
A dye was used in the piezometer tubes to allow for easier reading. 
Readings were taken to the 0. 01 of an inch by means of a scale erected 
innnediately behind the tubes as seen in Figure 3. The scale was leveled 
with the aid of an engineer 's level. 
Figure 3 
The Testing Apparatus 
Figure 4 
Piezometer Tubes for Determining Head 
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The water supply was obtained from a five inch pipe connected 
directly to a 12 inch feeder line and a gate valve in the line was 
used to control the flow rate. Upon leaving the flume, the water was 
directed into a line by- passing the weighing tank. When the by-pass 
scoop was closed, water was directed into the weighing tank, which was 
supported on a 1000 pound capacity scale as shown in Figures 5-7. 
]figure 5 
By-pass Scoop Open 
3i 
Figure 6 
By-pass Scoop Closed; Collecting a Volume of Water 
Figure 7 
Timing the Collection of a Sample 
CHAPTER V 
TEST PROCEDURE 
Previous to the performance of the tests the equipment to be 
used was first calibrated. The scales used for weighing resultant 
flow quantities were calibrated by taking known weights, putting the 
weights on the scale, and noting the difference between the actual 
weight and observed weight. The scale used required no adjustment 
or correction as the variation in observed and actual weights was 
never greater than one pound over the entire range of weights necessary 
in the tests. The size of acrylic tubing used for piezometers was 
selected so that the effects of surface tension on the readings would 
be negligible. An error of 0.001 of a foot in the reading of the 
piezometer tubes could result from neglecting the effects of surface 
tension, and as the piezometer readings were taken to the nearest 0.01 
of an inch, the error caused by surface tension effects on the 
piezometer readings were regarded as being insignificant. The effect 
of an error of 0.01 inch in a piezometer reading would result in a 
maximum error of less than 1% in the final calculated rate of discharge. 
Two general tests were performed in this study; the calibration 
of the core with no rock in the flume, and the calibration of the core 
with a rockfill dam present (see Figures 8 and 9). The data coll2�ted 
in both types of tests was the same. The cores used were sawed from 
3/8 inch marine plywood, and a metal cap was shaped to fit over the 
top of the core. This provided a core crest of approximately the same 
shape and the same characteristics for each core, and protected the 
wood cre st of the core from disfiguration or damage. The cores were 
Figure 8 
A Typical Dam Cross-section 
Figure 9 
The Rockfill Dam, looking down the length of the Flume 
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placed in the flume, leveled horizontally and vertically plumbed, and 
then secured to the floor of the flume by screwing knee braces to the 
floor and to the core with wood scr ews. Diagonal braces made from 
reinforcing steel were used to maintain the vertical position of the 
core. After being tightly secured to the flume, a caulking compound 
was used around the edges of the core wall to furnish a water-tight 
seal between the core and flume. This same procedure was employed in 
all the tests. 
When the rockfill was to be added, the core was first placed 
both on the upstream and downstream sides of the core wall, in layers 
of approximately six to twelve inches. The downstream fill was then 
compacted as much as possible by means of sluicing the fill with a 
stream of water from a nozzle connected to an ordinary 3/4 inch water 
hose. This afforded considerable compaction and permitted the use of 
higher heads of water over the core without necessitating protection 
to the downstream face of the dam. When using the sn�aller rock size 
this means of compaction was insufficient to keep the rock from washing 
away at the downstream toe of the dam. Therefore a wire mesh with 1/4 
inch openings was laid over the downstream face, and secured to the 
floor of the flume and to a brace at the top of the flume (shown in 
Figure 10), and was adequate in preventing failures of this nature. 
A method of protection of this nature was used in the ' San Ildefonso' 
dam built in Mexico, and was very successful in preventing any failures  
of  the rockfill on the downstream face. As mentioned above, the cores 
were fir st calibrated without rockfill in the channel. 
Figure 10  
W ire Mesh on downstream Face of  Dam 
The procedure for each test was the same and the same type of 
data was collected. Before a test run was made, a period of five to 
ten minutes was required for the flow rate over the core to become 
established and constant. A constant flow rate could be ascertained 
by noting the readings of the piezometer tubes; when the head on the 
core had become constant, a constant flow rate was occurring. During 
each run the temperature of the water was taken and recorded in order 
that the specific weight of the water could be determined. Piezometer 
readings were taken for each increment of flow and the important 
feature noted was the variation in the readings at the same head for 
different core and rock sizes . 
The weight of the empty collecting basin was first determined 
and recorded to the nearest 0.01 pound. The water collected during 
each run was timed with a stop watch reading to the nearest one-tenth 
of a second. In most cases a check run was made at the same head, and 
the average of the two runs used. The runs were performed with in­
creasing increments of head, until the maximum head was attained, then 
the runs were repeated with decreasing values of head . The reason for 
this procedure was to eliminate the presence of surface tension causing 
a clinging nappe at low heads. These effects would tend to be present 
as water began flowing over the core, but would disappear at the higher 
heads . Therefore the purpose of this procedure is to have the same 





In p erforming the tes ts in thi s  s tudy i t  was fir s t  necessary 
to ca l ibrate the core wal ls without rock in the channe l ,  and the 
genera l weir  equation was used for determining the coef ficient o f  dis -
charge over the cores . The general weir equation ,  of  the form 
Q = ; ML (2g) l/2 ( � + :D 3/2 -GI ) 3/2], where L is the actual 
length of  weir cres t ,  H the obs erved head of water on the weir , 
v1
2 
the ve loci ty head in the approach channe l ,  and M is an emp irica l  
coefficient relating the actual t o  the theoretical weir dis charge , is 
eas ily derived and the derivation can be found in any textbook on 
fundamental hydraulics . It  is not infrequent that the velocity o f  
approach in a channe l is negligib le , and the above equation then re-
1/2  3/2 
dices to the more simp le form Q = 2/3 ML (2g) H • This is an 
equation of  the form Q = CLHn ; a form very frequent ly encountered in 
the fie ld of hydraulics when attempting to obtain a relation between 
two variables as measured by a set  o f  experimental data . In this s tudy 
the data taken during each run was the weight o f  water , the time re-
quired to co l lect the water , the temperature o f  the water during 
co l lection and the head caus ing f low . The rate of  dis charge was 
computed from the data taken and was p lotted agains t the head caus ing 
flow on log- log graph paper and resu lted in a s traight line relation-
ship . It is apparent from the graphs cons tructed from the experimental 
data taken in this s tudy (Figures 11  to  2 1) that the dis charge of  
water over the core wa lls  in the channe l is  proportiona l  to  the length 
1.0 
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of weir crest , to the head on the core causing the flow , and is of the 
form Q = KH
n
, familiar in the field of hydraulics. 
It was decided to equate the relation between the discharge over 
the core and the head of water causing flow to the general weir 
equation since they were both of the same form . This allowed the 
calculation of the coefficient of discharge C in the equation 
Q = CLH
3/2 , and of the coefficient of contraction M ,  in the equation 
Q = 2/3 ML (2g)
l/Z H
3/2
• The coefficient of  discharge C can be found 
in terms of the coefficient of contraction M by simultaneous solution 
of the two equations , and C is found to be 5 .35 M. Thus by using this 
method of attack , the effect of changing core sizes and rock sizes 
could be evaluated and compared by observing the change in the 
coefficient of discharge. 
In general the data taken gave very goo d  results in that 
practically all the curves indicate that a linear relation exists 
between the rate of discharge and the head of water on the core 
raised to some power. It can be noted from the figures that some 
points vary somewhat from the plotted· curves , especially at low heads . 
It is worthy to mention the fact that in the flow of water over a 
weir , surface· tension will be present at low heads and small rates 
of discharge .  It is reasonable to assume that the presence of 
surface tension at low heads is the cause for the variation of the 
plotted points in that region , and constitutes the reason for per­
forming the tests with increasing and decreasing magnitudes of head. 
As heads in the range of ten feet are of interest in the prototype , a 
working range was established in this study including heads of the 
magnitude 0.5 foot up to 1.0 foot. Therefore the upper portions of the 
curve are of primary importance in this study, and the data in this 
range of values for discharge and head were use d to construct the 
average curve. 
An average curve was drawn through the plotted points and com­
pared with the results obtained by using the method of least squares 
for fitting curves. There are three methods of curve-fitting used to 
obtain the best curve for a set of data, and the most appropriate 
method would depend upon the accuracy required. These three methods 
are the ' method of selected points ' ,  the ' method of averages ' ,  and 
the ' method of least squares ' .  The method of selected points requires 
the least work but is the least accurate of the three methods. The 
nethod of averages requires more computations than the method of 
selected points, but it gives greater accuracy. The method of Least 
Squares is the most laborious of the three methods, but it gives the 
most accurate results. Several of the curves (Figures 19 and 21) were 
checke d  by using the method of Least Squares, but since this method is 
such a long and arduous process, the data for the curves mentioned was 
written in a standard program (Least Squares Curve Fit) and run through 
a digital computer. The equation calculated by the computer in both 
instances was so close to the estimated average curve drawn through the 
points that it was decided to fit all the curves by estimating the 
average curve. 
The development of the equations for the coefficient of dis­
charge will be illustrated by means of an example, using Figure 11. 
The calculated values of the discharge (Q) were plotted against the 
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head (H) causing flow, the dependent variable Q being plotted as the 
ordinate, and the independent variable H being plotted as the abscissa. 
An average curve was drawn through the plotted points, the y-intercept 
noted, and the slope of the curve calculated. The straight line 
relation present indicates an equation of the form 
log Q = log K + n log H 
where K is the y-intercept at H = 1.0, and n is the slope of the curve. 
The e quation of the plotted curve was therefore determined and was 
found to be 
Q = 0.468 H
1 • 149 
The general weir equation states that 




and hence by equating the two equations for Q, the coefficient of 
contraction M for the weir can be calculated, and is found to be 
and since C = 5. 35 M, 
C = 0.467 
H
0. 35 
The coefficient of contraction M and therefore the coefficient of 
discharge C account for all the complexities of flow in this and other 
weir problems, such as non-uniform velocity distribution upstream, 
vortex action innnediately ahead of the weir, non-parallel streamlines 
over the weir and thus through the spillway section, surface tension, 
viscosity, a clinging nappe, and all other factors which make weir 
flow a complicated process. The results of each run are tabulated in 







1 81 1  
15" 
12" 
Wi thou t Ro ck 
:Q = 2 . 82  
Hl . 330 
Q = 3 . 15 H
l . 37 3  
Q = 3 .45 H
l .426 
,Q = 3 . 87 H
l .47 8 
M = 0 .526  
HO . 170 
M = 0 . 5 88 
H0 . 127  
M = 0 . 643  
H0 . 07 3  
M = 0 . 7 22 
H0 . 02 2  
Wi thout rock 
W i th l" to l�" 
Rock 
Q = 0 .468 H
1 • 149 
Q == 0 .406 H
l . l20 
Q = 0 . 385 H
L 107 
Q = 0 . 354 H
l . 070 
M = 0 .087 3  
H0 . 35 
M = 0 . 0757  
H0 . 38 
M = 0 . 07 16  
H0 .40 
M = 0 . 0660 
H0 .43 
TABLE I 
W i th �" to 3 /4" 
Ro ck 
With 3 /4" to 1" 
Ro ck 
W i th l\" to 4" 
Ro ck 
Q = 0 . 302 H
l . l20 
Q = 0 . 339 H
1 • 120 
Q 
� 0 .440 H
l . l 20 
M = 0 . 0563  
H0 . 38 
M = 0 . 0632 
H0 , 38 
M = 0 . 0820 
H0 . 38 
With rock W i th rock 
0 . 349 
M = 0 . 7 18 (1 /P)
0 •446 H M =  0 . 0658 
0 . 2 3 1 
H0 .428 ( l /P)
0 . 37 6  H 
M = 0 . 152 n° · 336 
H0 . 38 H
0 ,023 
Wi thout rock 
0 . 349 
C = 3 . 84 (1 /P) 0 ·446 
H 
H0 .02 3  
W i th rock 
C = 0 . 8 1 3 n° · 336 
H0 . 38 
c = 
With rock 
0 . 352 
It is seen from Table I that the coefficient of contraction 
varies with the height of core, the size of rock used, and the head 
causing flow. It was the intent of the author to establish a single 
relation between the variables involved; the core height, the size of 
rock, the head causing flow, and the coefficient of contraction. No 
simple equations could be established relating all four of the 
variables, so that two equations were found. The first equation re­
lated the height of core and the head of water to the coefficient of 
discharge, while the second related the size of rock used and the head 
of water to the coefficient of discharge. 
The results shown in Table I indicate that the coefficient of 
contraction increases as the height of core decreases when there is 
no rock in the channel, but that the reverse is true when rock is 
present. In other words, in the process of replacing a simple weir 
in the channel by a rockfill dam, the slope of the plotted curve Q 
versus 1/P reverses direction from a positive slope to a negative 
slope (see Figures 22 and 23) . This behavior is interesting and 
contrary to thoughts prior to this investigation, as the consensus 
of opinion of several consultants previous to this work was that as 
the height of core decreased, the rate of discharge over the core 
would increase at the same head. The belief that the rate of dis­
charge at the same head increases when the core height decreases was 
substantiated when there was no rock present, but when the rockfill 
dam was constructed and the discharge through the dam observed, it was 
noted that the rate of discharge decreased as the core height 
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of friction in the flow of water through rockfill. The effect of higher 
heads is evidently eliminated by the presence of friction when the water 
flows through a rockfill dam. It has been proven by the 'Darcy 
equation ' that a los s of head or los s  of energy occurs when water 
flows through a pipe line due to shear stress encountered at the pipe 
walls. If the openings or voids present in a rockfill dam which serve 
as conveyors for the water pas sing through the rockfill are considered 
to be a mas s of water tubes or passages, it is readily apparent that 
friction los ses are present. The friction los s through the rockfill 
will become greater as the rock size becomes smaller and as the core 
height decreases. Table I and Figure 24 both illustrate this fact. It 
must not be overlooked that there is a pos s ibility of changing flow 
regimes, from turbulent to laminar flow, at low heads . The Reynolds 
Number was determined for one test run in this study by constructing a 
streamline pattern or picture of the flow, and from this pattern the 
flow was determined to be in the turbulent flow regime, which agreed 
with flow in the prototype where turbulent flow also existed. 
Figure 24 represents a family of curves,  the head (H) being the 
parameter and s hows that at a constant head, the coefficient of con­
traction would increase with rock si ze. Also the fact that the 
intercepts of the curves change indicates that the coefficient of 
contraction decreases with increasing heads as the rock size remains 
constant. A possible explanation for this change would be the 
transition from a state where the rock controls flow to a state where 
the flow is governed by the impermeable core. This trend was not 
present where core heights were changed since the slopes of the curves 
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The piezometer readings used for e s tab lishing the hydraulic  
gradien t  and for determining the head  of  water on the core indicated 
that either changing the s lope of the ups tream face of the dam or 
widening the cres t of the dam wou ld affect the rate of discharge 
through the rockfi l l . The drop in the hydraulic gradient near the 
cor e  was very pronounced at the higher heads when us ing the lower core 
heights and the larger rock s ize . When the s lope of the upstream face 
of the dam is made f latter or the cres t  made wider , the water mus t 
trave l farther and in a more random path . Therefore ,  the e ffects o f  
f ri ctional losses on the dis charge through the rock as previous ly 
ment ioned would cause a greater drop in the hydraulic  gradient . The 
piezometer readings likewise gave some ind i cation of  the energy 
diss ipation which occurred in the rockfill . Practica l ly a l l  o f  the 
diss ipation of  energy occurred in the innnediate vicinity of  the core  
wal l , and was apparent by  the large drop in  the hydraulic gradient in 
this area . 
On several  tes t runs the downstream face o f  the dam began to 
bulge and rockfill  s tarted to ' kick -out ' at the toe o f  the s lop e . This 
occurr ed a t  rather small  heads when using the 1/2 inch to 3/4 inch rock . 
When the larger size rock was used this fai lure could be  caused only by 
high heads . The 1� inch to 4 inch r ock used did not fai l  a t  the maximum 
head attainab le in the tes ting apparatus , which would indicate that an 
effective s ize of rock exis ts which could  withstand cer tain design f lows 
withou t  this  type of  fai lure . A gradation was run on the 1\ inch to 4 
inch rock used in this  s tudy and it was found that  100 .0% passed the 4 
inch s creen , 67% passed the 3 inch s creen and 2 1 . 0% pas s ed the 2 inch 
6:1. 
screen, giving an average size of 2.3 inches. This above gradation 
was capable of withstanding the force caused by the flowing water due 
to its mass and weight. When ' kick-out' failures of this nature 
occurred during the model study, they were eliminated by using a wire 
mesh laid over the downstream face of the dam as seen in Figure 10. 
As previously mentioned, it was the purpose of this study to 
get a relation between the coefficient of discharge, the core height, 
the head causing flow, and the size of rock. Two equations were 
finally obtained, and both give accuracy well within the design limits 
required in engineering works. The curves of these equations were 
constructed by using the method of averages. In developing the 
equations for the coefficients of discharge, the coefficient of con­
traction (M) was plotted versus the reciprocal of the core height 
(1/P) , the parameter being the head (H) , as seen in Figure 2 2. Using 
the parameter H = 1.0, the equation for the curve will be determined 
by using the method of av�rages. It will be necessary to determine 
two constants ; therefore the data is divided into two graphs and the 
sum of the residuals in each group set equal to zero. 
log M = log a +  b log (1/P) 
log M - log a b log (1/P) = 0 
�og M = n log a +  b�og (1/P) 
In the equation n is the number of observations in each group. The 
data is arranged in the following tabulation. 
M 
0 . 0873 
0 . 0 757  
0 . 0 7 16 
0 . 0 660 
l og M 
8 . 941- 1 0  
8 . 87 9 - 1 0  
8 .855- 10 
8 . 8 19 - 1 0  
1/P 
a . so 
0 . 667  
0 .8 0  
1 . 0 0  
log 1/P 
9 . 699 - 1 0  
9 . 824- 1 0  
9 . 903- 1 0  
10 . 000- 1 0  
From this data two equations are found : 
17 . 820-20  = 2 log a +  ( 19 . 5 23 - 20) b 
17 . 674-2 0 = 2 l og a +  ( 1 9 . 9 03 - 20) b 
Therefore b = - 0 .384 , log a = - 1 . 182 , 
Hence log M = 1 . 182  - 0 .384 log ( 1 /P) 




= 0 . 0658 
(l /P) 
0 .384 
a = 0 . 0658  
H 
1 . 0 
1 . 0 
1 . 0 
1 . 0 
It can be  seen from Figure 2 2  that the slope o f  each of the s ix curves 
is different . It  was therefore dec ided to  obtain a relation between 
the slopes o f  the curves and the head , and between the intercepts of 
the curves on the y-axis and the head � The six equations for M at six 
di f ferent heads , obtained in the same manner (method of average�) as 
outl ined above , were o f  the general form: 
M = 
K 
It was therefore dec ided to plot the c onstant K and the c onstant n in 
the above general equation versus the head (H) as shown in Figures 
2 5 - 2 7 . Both o f  these plo ts reveal a s traight line var iation between 
the independ ent  and dependent variables . The me thod o f  averages was 
used to determine the average curve for the plotted p oints . The 
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H E A D ( H ) 
W ITH ROCK 
F I G U R E 27 
n = 0.376 H
0 •231
• Combining these equations with the general form 
M = K 
( 1/P) 
n 
and C = 








It is therefore possible to predict a coefficient of discharge when the 
variables of head and core height are known. The equation for the 
coefficient of discharge in· the absence of rock was determined in the 
same manner and found to be 
0 .329 






For the variation of the coefficient of discharge with rock size, the 





These ' equations illustrate several points already mentioned, 
one being the reversal of the variation of the coefficient of dis-
charge with the head and the core height with and without rock. It 
is also readily seen that the effect of the head on the coefficient 
of discharge is the same regardless of the size of rock used. 
The accuracy of the equations for C is under a five percent 
error up to heads of twenty feet. In engineering work an error of five 
percent or less is considered to be adequate . In most cases the above 
equations give an accuracy within three percent, but it should be kept 
in mind that heads in the magnitude of ten feet in the prototype were 
of primary interest in this study, and the equations are valid over 





The results of this  study produced information pertinent to the 
design of an internal spillway type rockfill dam. Several conclusions 
were drawn as a direct result of the work performed in this study. They 
are as fol lows: 
1 .  The flow of water through a rockfill dam is characterized 
by the relation Q = KH
n
. Although this equation is accurate for a 
certain ' working range ' ,  there appears to be a tendency toward 
variation from this curve at low heads and in some cases at high heads. 
2. As the core height is decreased, the coefficient of dis­
charge of an internal spillway type rockfill dam decreases. This is 
a particularly interesting fact, as it is a complete reversal of what 
happens when only the core wall is present in the channel. 
3. At the same head, the discharge through an internal spill­
way is less than the discharge over the core when no rock is present .  
This indicates that the effects of friction on the flow rate through 
rockfill reduces the discharge. 
4. As the size of rock increases, the coefficient of discharge 
increases ,  due to the fact that the voids or flow paths become larger. 
5. The effect of the head (H) on the coefficient of discharge 
is constant as rock size increases. 
6 .  Dissipation of energy occurs in the rock f ill, and is a 
practical means of reducing first costs and maintenance costs 
associated with conventional concrete spillway structures. 
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7. When the head on the spillway section becomes excessively 
high , the downstream face of the dam must be protected from failure by 
' kicking-out ' of the rock fill at the toe . This protection can be in 
the form of a steel reinforcing mat laid on the downstream slope and 




At the conclusion of any study or investigation of a particular 
problem, other areas needing further study are usually indicated, and 
the author recommends that further research be made in the following 
aspects of internal spillway type rockfill dams. 
1 .  A series of tests should be made to determine the effect on 
the coefficient of discharge of varying the slope of the internal core 
wall. It is believed that sloping the core wall downstream will in­
crease the flow through the rockfill, but this should be substantiated 
by further testing. 
2. A study should be made on the effect of changing downstream, 
and particularly upstream, face slopes on the coefficient of discharge. 
This study could also include the investigation of the effect of in­
creasing crest width on the discharge through rockfill. 
3. Due to the turbulent flow which occurs through an internal 
spillway type rockfill dam, studies should be made to detect whether or 
not undermining of the core wall might possibly occur. 
4. The possible derogatory effect from sedimentation clogging 
the spillway area could be investigated. 
5. An attempt should be made to correlate the results of a 




DATA FOR CALIBRATION OF 2 4" WEIR SECTION - 1" to l\" ROCK 
n 
CALIBRATION OF 24 INCH WEIR SECTION - l" to 1�" ROCK 
Weight  o f  Time Sp . Weight Q Ve loci ty S tatic  Head Tota l  Head V e l o c i ty 
Water (sec . )  w ( c fs )  Head2 H H + h V / f t  . /s ec . )  
( lbs . )  ( lb.s . / cu . ft . )  h = v 1 /2g ( ft . )  ( ft . )  
ft . 
620 . 5 0  54L l0 62 . 32 0 . 0 1 8  0 . 058  0 . 058 0 . 009 
6 1 6 . 60 540 . 35 62 . 32 0 . 0 1 8  0 . 05 8  0 . 058  0 . 009 
635 . 00 2 17 . 60 62 . 3 1  0 . 047 0 . 1 17 0 . 1 1 7  0 . 02 2  
647 . 50  2 2 2 . 70 62 . 3 1 0 . 047 0 . 1 1 7  0 . 1 1 7  0 . 02 2 
642 . 25 166 . 80 62 . 3 1 0 . 062 0 . 1 66  0 . 166  0 . 02 8  
687 . 7 5 180 . 50 62 . 3 1  0 . 06 1 0 . 1 66  0 . 166  0 . 028  
690 . 00 124 . 50 62 . 3 1  0 . 089 0 . 2 33 0 . 2 33 0 . 040 
692 . 7 5  1 2 5 . 00 62 . 3 1 0 . 089 0 . 2 33 0 . 233  0 . 040 
699 . 7 5  1 00 . 7 0  62 . 3 1 0 . 1 12 0 . 2 84 0 . 284 0 . 049 
705 . 5 0  10 1 . 20  62 . 3 1 0 . 1 1 2  0 . 2 84 0 . 2 84 0 . 049 
692 . 7 5  82 . 50 62 . 3 1  0 . 1 35 0 . 340 0 . 340 0 . 0 57 
666 . 00 7 9 . 15 62 . 3 1  0 . 135 0 . 340 0 . 340 0 . 057  
6 7 2  . 5 0  60 . 7 0  62 . 3 1  0 . 17 8  0 . 429 0 . 42 9 0 . 0 73  
674 . 2 5  60 . 9 5  62 . 3 1 0 . 17 8  f;il 0 . 429 0 .429 0 . 07 3 
658 . 5 0  69 . 30 62 . 3 1 0 . 152  f::Q 0 . 37 8 0 . 37 8 0 . 064 H 
663 . 50 7 0 . 70 62 . 3 1  0 . 15 1  C!> 0 . 378  0 . 37 8  0 . 064 H 
685 . 25 87 . 55 62 . 3 1  0 . 126  H 0 . 32 1 0 . 32 1 0 . 054 
64 1 . 25  8 1 . 70  62 . 3 1  0 . 1 2 6  f;il 0 . 32 1  0 . 32 1 0 . 054 
679 . 7 5  109 . 9 0  62 . 3 1  0 . 099  0 . 259 0 . 2 59 0 . 044 
694 . 2 5  1 1 2  . 05 62 . 3 1  0 . 09 9  0 . 259 0 . 259 0 . 044 
685 . 7 5  185 . 15 62 . 3 1  0 . 059 0 . 167 0 . 167  0 . 02 7  
680 . 7 5  1 84 . 9 0  62 . 3 1 0 . 059 0 . 167 0 . 1 6 7  0 . 027  
658 . 7 5  339 . 9 0  62 . 3 1 0 . 0 3 1  0 . 09 2 0 . 09 2  0 . 0 15  
647 . 50 334 . 50 62 . 3 1  0 . 03 1 0 . 09 2  0 . 092  0 . 0 15  
601 . 7 5 525 . 00 62 . 3 1  0 . 01 8  0 . 058  0 . 058  0 . 009 
64 1 .  7 5 567 . 50 62 . 3 1 0 . 0 18 0 . 058 0 . 058 0 . 009 
542 . 30 444 . 35 62 . 30 0 . 0 1 9  0 . 054 0 . 054 0 . 0 10  
6 10 . 7 5  323 . 7 5 62 . 30 0 . 0 30 0 . 089 0 . 089 0 . 0 14 
Weight of  Time Sp . Weight  Q 
Water ( s ec . )  w ( cfs ) 
( lbs . )  ( lbs . / cu .  f t . )  
6 1 3  . 80 182 . 65 62 . 30 0 . 054 
6 15 . 85 146 . 10 62 . 30 0 . 068  
622 . 25 1 14 . 60 62 . 3 1 0 . 087 
6 3 1 . 00 9 6 . 7 5  6 2 . 3 1 0 . 105  
637 .40 7 9 . 00 62 . 3 1 0 . 130  
684 . 00 7 6 . 15 62 . 3 1  0 . 144 
669 . 00 59 . 20 62 . 3 1  0 . 1 8 1  
67 6 . 30 83 . 00 62 . 3 1  0 . 13 1  
660 . 25 10 1 . 05 62 . 3 1  0 . 105 
6 62 . 2 5  130 . 50  62 . 3 1  0 . 0 8 1  
655 . 00 19 6 . 10 62 . 3 1  0 . 054 
658 . 00 390 . 50 62 . 3 1  0 . 027  
606 . 10 5 1 . 85 62 . 3 1  0 . 188 
622 . 80 85 . 55 62 . 3 1 0 . 1 1 7  
636 . 00 1 09 . 45 62 . 3 1 0 . 09 3  
599 . 50 129 . 10 62 . 30 0 . 075  
592 . 00 1 8 1 . 90 62 . 30 0 . 052 
205 . 50 128 . 10 6 2 . 30 0 . 026 
1 17 . 25 167 . 25 62 . 30 0 . 0 1 1  
Velocity S tatic  Head 
Head
2 H 
h = v 1 
/2g ( ft . )  
ft . 
0 . 144 
0 . 19 0  
0 . 236  
0 . 27 1  
0 . 327  
0 . 342 
0 . 446 
0 . 337  
� 
0 . 2 7 5  
0 . 2 2 1  
� 
0 . 150 H 
c.!) 
0 . 083 H 
t5 0 .438 
i::i:::i 
0 . 292  z 
0 . 242 
0 . 2 00 
0 . 146 
0 . 083 
0 . 040 
Tota l Head 
H + h 
( ft . )  
0 . 144 
0 . 19 0  
0 . 2 36 
0 . 2 7 1 
0 . 327  
0 . 342 
0 . 446 
0 . 337 
0 . 2 7 5  
0 . 2 2 1  
0 . 15 0  
0 . 083 
0 .438 
0 . 2 92  
0 . 242 
0 . 200 
0 . 146 
0 . 083  
0 . 040 
Velocity 
v 1 ( ft . /s ec . )  
0 . 025 
0 . 086  
0 . 039 
0 . 046 
0 . 056 
0 . 0 6 1  
0 . 074 
0 . 05 6  
0 . 046  
0 . 036 
0 . 02 5  
0 . 0 1 3  
0 . 07 7  
0 . 05 1  
0 . 04 1  
0 . 034 
0 . 024 
0 , 0 1 2  
0 . 006 
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-TABLE III 
DATA FOR CALIBRATION OF 24" WEIR SECTION - WITHOUT ROCK 
75-
CALIBRATION OF 24 INCH WEIR SECTION - NO ROCK 
Weight o f  Time Sp . Weight Q Velocity S tatic  Head Tota l Head Ve locity 
Water ( sec . )  w ( c fs )  Hea2 H H + h v1 ( ft . / sec . )  
( lbs . )  ( lbs . / cu . ft . )  h = V l 
/2g ( ft . )  ( ft . ) 
ft . 
515 . 05 19 . 80 62 . 3 1  0 . 418 0 . 00 1 0 . 2 33 0 . 2 34 0 .186 
57 3 . 7 5  30 .40 62 . 31 0 . 303 0 .182 0 .182 0 . 138 
564 . 50 44 . 95 62 . 3 1  0 . 202 0 . 133  0 .133 0 . 094 
542 . 2 5  86 . 00 62 . 3 1  0 . 101 0 . 07 7  0 . 07 7  0 . 048 
486 . 65 1 36 . 50 62 . 3 1 0 . 057  0 . 054 0 . 054 0 . 02 8 
202 . 50 142 . 55 62 . 3 1  0 . 02 3  µ::! 0 . 027  0 . 027  0 . 0 1 1  H 
361 . 55 129 .40  62 . 3 1  0 . 045 p::i 0 . 045 0 . 045 0 . 022  H 
497 . 25 86 . 15 62 . 31 0 . 09 3  C!> 0 . 07 1  0 . 07 1 0 . 045 H 
59 1 . 35 63 .40 62 . 3 1  0 . 150  H 0 .106 0 .106 0 . 07 1 t!) 
624 . 25 4 1 . 5 0  62 . 3 1 0 . 241 µ::! 0 . 155 0 .155 0 . 1 12 . z  
667 . 50 35 . 10 62 . 31 0 . 305 0 . 183 0 . 183 0 .139 
658 . 50 2 8 . 55 62 . 3 1  0 . 370  0 . 2 10 0 . 2 10 0 . 1 67 
646 . 5 0  24 . 55 62 . 3 1  0 .42 3  0 . 00 1 0 . 2 33 0 . 2 34 0 . 1 88 
624 . 25 120 . 85 62 . 3 1  0 . 083 0 . 067 0 . 067 0 . 040 
534 . 00 244 . 2 5  62 . 31 0 . 035 0 . 038 0 . 038 0 . 017 
384 . 7 0  6 8  . 9 0  62 . 30 0 . 090 0 . 067 0 . 067 0 . 043 
392 . 50 5 8 . 2 0  62 . 3 1  0 .108 µ::! 0 . 07 7  0 . 07 7  0 . 052  
37 6 . 7 5 42 .45 62 . 31 0 . 142 H 0 . 092  0 . 09 2 0 . 068  . p::i 
419 . 95  36 . 9 0  62 . 3 1  0 . 183 H 0 . 122 0 . 122  0 . 086 C!> 
486 .40 33 . 60 62 . 3 1  0 . 2 32 H 0 . 148 0 . 148 0 . 108 H 
574 .40 33 .45 62 . 3 1  0 . 2 7 6  t!) 0 .167 0 .167 0 . 127 µ::! 
565 . 00 2 9 . 40 62 . 31 0 . 308 z 0 .18 1  0 .181 0 . 141  
583 . 50  26 . 95 62 . 3 1  0 . 348 0 . 19 8  0 . 1 98  0 . 158 
628 . 00 2 6 . 20 62 . 3 1  0 . 385 0 . 001 0 . 2 1 6 0 . 2 17 0 . 17 3  
632 . 00 22 . 2 5  62 . 3 1 0 . 456 0 . 00 1  0 . 242 0 . 243 0 . 203  
639 . 50 20 . 60 62 . 3 1  0 . 49 8 0 . 00 1  0 . 2 58  0 . 259 0 . 22 0  
59 1 . 05 15 . 80 62 . 3 1  0 . 600 0 . 001 0 . 292  0 . 2 9 3  0 . 2 6 1  
2 9 2 . 85 1 1 3 . oo 62 . 30 0 . 042 0 . 02 9  0 . 02 9  0 . 020 
7-G· 
Weight  o f  Time Sp . Weight Q Ve loci ty S tatic  Head To ta l Head Ve locity 
Water ( sec . )  w (cfs )  Head2 H H + h v1 ( ft . /s ec . )  ( lbs . )  ( lb s / cu . ft . )  h = V
t 
/2g ( ft . )  ( ft . ) 
(f .) 
2 6 8 . 50 105 . 10 62 . 3 1  0 , 04 1  0 . 029 0 . 029  0 . 020  
240 . 85 1 1 3 . 7 0  62 . 3 1  0 . 034 � 0 . 03 1 0 . 03 1  0 . 0 1 7  
324 . 2 5  9 2 . 9 0  62 . 3 1  0 , 056  H 0 . 046  0 . 046  0 . 027  
423 . 50 9 1 . 80 62 . 3 1  0 . 074 H 0 . 057 0 . 057  0 , 036 
C!) 
39 5 . 25 6 8 . 85 62 . 3 1  0 . 09 2 H 0 . 067 0 . 067 0 . 044 
3 7 7  . 2 5  54 . 50 62 . 32 0 . 1 1 1  s 0 . 07 8 0 . 07 8  0 . 053 � 
557 . 25 44 . 05 62 . 32 0 . 203  z 0 . 133 0 . 133 0 . 09 5  
604 . 2 5  2 8 . 80 62 . 32 0 . 337  0 . 19 8  0 . 1 98  0 . 15 3  
6 10 . 2 5  2 5 . 10 62 . 32 0 . 390  0 . 00 1  0 . 22 1 0 , 222  0 . 175  
5 84 . 25 19 . 60 62 . 32 0 . 47 8 0 . 001  0 , 257  0 , 258  0 . 2 1 1 
606 . 00 17 . 7 0  62 . 32 0 . 549 0 . 00 1  0 . 2 81 0 . 2 82 0 . 240 
574 . 50  14  . 85 62 . 32 0 . 62 1 0 . 00 1 0 . 325  0 . 3 26  0 . 2 66 
538 . 25 2 7 . 00 62 . 32 0 . 32 0  0 . 000 0 . 192  0 . 19 2 0 . 145 
584 . 00 2 7 . 00 62 . 33 0 . 347 0 . 000 0 . 229  0 . 229  0 . 155 
609 . 25 22 . 80 62 . 33 0 .429 0 . 001 0 . 236 0 , 237 0 . 19 1  
5 68  . 10 37 . 7 5  62 . 32 0 . 242 0 . 000 0 . 154 0 . 154 0 . 1 12 
628 . 7 5  22 . 20 62 . 32 0 .454 0 . 00 1  0 . 248  0 . 249 0 . 202 
622 . 00 16 . 65 62 . 32 0 . 599 0 . 00 1 0 . 302 0 . 303 0 . 259 
TABLE IV 
DATA FOR CALIBRATION OF 1 8n WEIR S ECTION - l' r to 1\n ROCK 
78 
CALIBRATION OF 18 INCH WEIR SECTION - 1" to 1%' ' ROCK 
Weight o f  Time Sp . Weight  Q Ve locity S tatic Head To ta l  Head Ve locity 
Water (sec . )  w (cfs)  Head2 H H + h V 1 (ft  . /s ec . )  
( lbs . )  ( lbs . /cu . ft . )  h = v 1 / 2 g  (ft . ) ( f t . )  
f t . 
625 .00  1 85 . 90  62 . 3 1  0 . 054 0 . 168  0 . 1 68  0 . 032 
654 .45 195 . 80 62 . 3 1  0 . 054 0 . 168 0 . 168  0 . 032  
6 10 . 50 1 15 . 10 62 . 32 0 . 085 0 . 246 0 . 246 0 . 049  
633 . 25 1 1 8  . 80 62 . 32 0 . 086 0 , 246 0 ; 246  0 . 049 
630 . 00 7 6 .40 62 . 32 0 . 132 0 . 372 0 . 37 2  0 . 070 
625 . 50  75 . 50 62 . 32 0 . 1 3 3  0 . 37 2  0 . 37 2  0 . 07 1 
660 . 25 62 . 50 62 . 32 0 . 1 70  0 .465 0 .465 0 . 086 
6 6 1 . 50 62 . 55 62 . 32 0 . 17 0  0 .465 0 . 465 0 . 086  
659 . 75 46 . 35 62 . 32 0 . 2 2 8  0 . 5 9 6  0 . 59 6  0 . 109 
6 7 5 . 50 47 . 65 62 . 32 0 . 2 2 8  0 . 596  0 . 596  0 . 108 
657 . 25 38 . 20 62 . 32 0 . 2 7 6  0 . 69 8  0 . 69 8  0 . 12 5  
659 . 7 5 38 .45 62 . 32 0 . 2 7 5  0 . 698  0 . 69 8  0 . 1 25  
665 . 50 46 . 30 6 2 . 32 0 . 2 3 1  0 . 59 3 0 . 59 3 0 . 1 1 0  
649 . 2 5  45 . 30 62 . 32 0 . 2 30 � 0 . 593  0 . 593  0 . 1 10 
674 . 50 55 . 50 6 2 . 32 0 . 19 5  i:Q 0 . 52 1 0 . 52 1 0 . 09 6 
6 69 . 50 55  . 10 62 . 32 0 . 19 5  t.!> 0 . 5 2 1 0 . 5 2 1 0 . 09 6 
657 . 00 7 7  . 20 62 . 32 0 . 1 37 ts 0 . 389 0 . 389 0 . 07 2  
674 . 2 5  7 9 . 80 62 . 32 0 . 1 36 � 0 . 379 0 . 37 9  0 . 0 7 2  
659 . 7 5  159 . 30 62 . 3 1 0 . 066  0 . 368  0 . 368 0 . 036 
6 69 . 00 1 6 1 .40 62 . 3 1  0 . 066  0 . 368 0 . 368  0 . 036  
655 . 00 3 7 6 . 7 5 62 . 3 1  0 . 028 0 . 089 0 . 089 0 . 0 1 7  
654 . 50 37 6 . 60 62 . 3 1  0 . 028  0 . 089 0 . 089 0 . 01 8  
389 . 75 45 1 . 10  62 . 30 0 . 0 14 0 . 036 0 . 036 0 . 009 
652 . 00 290 . 45 62 . 30 0 . 036  0 . 1 1 2  0 . 1 1 2  0 . 02 2  
655 . 25 144 . 45 62 . 3 1  0 . 073  0 . 2 12 0 . 2 12 0 . 042 
69 1 . 25  9 7 . 30 62 . 3 1  0 . 1 14 0 . 32 1 0 . 32 1 0 . 062 
659 . 50 69 . 90 62 . 3 1  0 . 15 1  0 .4 18 0 .4 1 8  0 . 079  
79 
Weight  of  Time Sp . Weight  Q S tatic  Head Tota l Head Ve locity 
Water ( s ec . )  w ( cfs) H H + h v1 (£t . /s ec . )  
( lbs . )  ( lbs . / cu . ft . )  ( ft . )  ( f t . )  
656 . 25 62 . 2 0  62 . 3 1 0 . 1 69  Pt1 0 . 462 0 . 462 0 . 086 H 
677  . 00 47 . 0 0  62 . 3 1  0 . 2 3 1  l:ci 0 . 594 0 . 594 0 . 1 10 H 
663 . 7 5  42 . 9 0  62 . 3 1  0 . 248 C!> 0 . 6 33 0 . 633 0 . 1 1 6  H 
660 . 50 57 . 70 62 . 3 1 0 . 1 84 H 0 . 49 6 0 .496 0 . 092  C!> 
659 . 00 106 . 00 62 . 3 1  0 . 100 Pt1 0 . 2 9 1 0 . 29 1 0 . 056  z 
659 . 25 336 . 30 62 . 3 1  0 . 032  0 . 104 0 . 104 0 . 02 0  
ao 
TABLE V 
DATA FOR CALIBRATION OF 18" WEIR SECTION - WITHOUT ROCK 
81. 
CALIBRATION OF 1 8  INCH WEIR SECTION - NO ROCK 
Weight  of  Time Sp . Weight  Q Veloci ty S tatic  Head Tota l Head Ve locity 
Water ( sec . )  w (cfs )  Head2 H H + h v 1 (ft . /s ec . )  
( lb s . )  ( lbs . /cu . ft . )  h = V l 
/2g ( ft . )  ( ft . )  
ft . 
535 . 25 7 3  .40  62 . 3 1  0 . 1 17 0 . 090  0 . 090  0 . 073  
630 . 00 86 . 2 0  62 . 3 1  0 . 1 17 
� 
0 . 090 0 . 090  0 . 074 
630 . 5 0  64 . 2 5 62 . 3 1  0 . 158 0 . 1 1 2  0 . 1 1 2  0 . 097 
639 . 00 65 .45 62 . 3 1  0 . 157 H 0 . 1 1 2  0 . 1 12 0 . 097  
6 17 . so 45 . 7 5  62 . 3 1 0 . 2 17 H 0 . 143 0 . 143 0 . 1 32 
6 1 7 . 7 5 45 . 60 62 . 3 1  0 . 2 17 C!) 0 . 143 0 . 143 0 . 132 � 
623 . 00 37  . 75 62 . 3 1  0 . 2 65 z 0 . 16 6  0 . 1 66  0 . 159  
630 . 7 5 38 . 05 62 . 3 1  0 . 266  0 . 166  0 . 166  0 . 159 
644 . 50 29 . 05 62 . 3 1 0 . 356  0 . 001  0 . 2 04 0 . 205 0 . 208 
668 . 5 0  29 . 7 5  62 . 3 1  0 . 36 1  0 . 00 1  0 . 204 0 . 205 0 . 2 1 1  
6 1 3  . oo 24 . 9 0 62 . 3 1  0 . 395  0 . 001  0 . 2 2 3  0 . 2 24 0 . 2 29 
62 1 . 50  24 . 90  62 . 3 1 0 . 401 0 . 001  0 . 2 2 3  0 . 2 24 0 . 2 32 
626 . 00 2 3 . 00 62 . 3 1 0 . 437 0 . 001  0 . 242 0 . 243 0 . 250  
6 16 . 50 2 3 . 20 62 . 3 1 0 . 426 0 . 00 1  0 . 242 0 . 243 0 . 244 
6 19 . 00 2 2 . 80 62 . 3 1 0 . 436 0 . 00 1  0 . 2 38 0 . 2 39 0 . 250 
603 . 00 2 3 . 40 62 . 3 1  0 .4 14 0 . 00 1 0 . 225  0 . 2 2 6  0 . 2 39 
607 . 00 2 3 . 30 62 . 3 1 0 . 4 18  0 . 00 1  0 . 229 0 . 2 30 0 . 24 1 
634 . 2 5  30 . 20 62 . 3 1 0 . 337 0 . 00 1  0 . 196  0 . 19 7  0 . 19 8 
6 12 . 00 28 . 7 0 62 . 3 1  0 . 342 0 . 001  0 . 19 6  0 . 197  0 . 2 0 1  
609 . 25 37 . 65 62 . 3 1  0 . 2 60 0 . 1 64 0 . 1 64 0 . 156  
600 . 00 37 . 05 62 . 3 1  0 . 2 60 
� 
0 . 1 64 0 . 1 64 0 . 156  
625 . 50 65 . 75 62 . 3 1  0 . 153  i:'l 0 . 1 1 2  0 . 1 12 0 . 094 
620 . 25  65 . 35 62 . 3 1 0 . 15 2  
H 
0 . 1 12  0 . 1 12 0 . 094 C!) 
6 1 1 . 7 5 9 8 . 10 62 . 3 1  0 . 100 
H 
0 . 079  0 . 07 9  0 . 063  ...:I 
6 1 6 . 5 0  9 9 . 00 62 . 3 1  0 . 1 0 1  
C!) 
0 . 07 9 0 . 079  0 . 064 � 
59 8 . 25  15 1 . 9 0  62 . 3 1  0 . 063  
z 
0 . 058 0 . 058  0 . 040 
600 . 25 154 . 30 62 . 3 1 0 . 063  0 . 058 0 . 058  0 . 040 
620 . 75 326 . 15 62 . 3 1  0 . 030 0 . 034 0 . 034 0 . 020 
6 17 . 25 326 . 45 62 . 3 1  0 . 030 0 . 034 0 . 034 0 . 02 0  
TABLE VI 
DATA FOR CALIBRATION OF 15n WEIR SECTION - 1" to 1\" ROCK 
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CALIBRATION OF 15  INCH WEIR SECTION l" to 1� 1 1  ROCK 
Weight o f  Time Sp . Weight  Q Ve locity S tatic  Head To ta l Head Veloci ty 
Water (s ec . )  w (cfs)  Head2 H H + h v1 (ft . /s e c . )  
( lb s . )  {,lbs . /cu .  f t . )  h = v 1 /2g ( f t . )  ( ft . ) 
ft . 
645 . 30 409 .45 62 . 3 1  0 . 025  0 . 083 0 . 083 0 . 0 19 
627 . 25 399 . 80 62 . 3 1 0 . 025  0 . 083 0 . 083 0 . 0 19  
7 04 . 00 1 12 . 65 62 . 3 1 0 . 100 0 . 292  0 . 29 2  0 . 065 
660 . 7 5  105 . 7 5  62 . 3 1  0 . 100 0 . 292 0 . 2 92  0 . 065 
6 6 1 . 2 5 7 0 .45 62 . 3 1  0 . 15 1  0 .428  0 . 428 0 . 09 0  
660 . 2 5  70 . 60 62 . 3 1  0 . 150  0 . 428 0 . 428 0 . 089 
665 . 00 57 . 05 62 . 3 1 0 . 187 0 . 5 19 0 . 5 19 0 . 106 
6 7 2 . 7 5  57 . 60 62 . 3 1 0 . 1 87 0 . 5 19 0 . 5 19 0 . 106 
660 . 7 5  47 . 20 62 . 3 1  0 . 2 25  0 . 6 18 0 . 6 18 0 . 12 0  
663 . 25 47 .40 62 . 3 1  0 . 225  0 . 6 1 8 0 . 6 18 0 . 120  
663 . 00 39 . 80 62 . 3 1  0 . 2 67 0 .  7 12 0 . 7 12 0 . 136  
664 . 00 39 . 85 62 . 3 1  0 . 2 67 � 0 .  7 12 0 . 7 12 0 . 136 
663 . 5 0  4 1 . 00 62 . 3 1  0 . 260  � 0 . 704 0 . 7 04 0 . 133  H 
66 1 . 7 5  4 1 . 00 62 . 3 1  0 . 2 59  c, 0 .  7 04 0 . 7 04 0 . 132 
H 
663 . 00 5 7 . 20 62 . 3 1 0 . 186 i-:f 0 . 5 19 0 . 5 19 0 . 1 05 
658 . 7 5  57 . 10 62 . 3 1  0 . 185 i:xl 0 . 5 18 0 . 5 18 0 . 104 z 
657 . 5 0  9 3 . 55 62 . 3 1 0 . 1 13 0 . 33 1  0 . 331  0 . 07 1  
660 . 7 5 94 . 15 62 . 3 1 0 . 1 33 0 . 33 1  0 . 33 1  0 . 07 1 
666 . 25 144 . 9 0  62 . 3 1 0 . 074 0 . 225  0 . 225  0 . 050 
663 . 75 144 . 30 62 . 3 1  0 . 074 0 . 225  0 . 225 0 . 050  
663 . 00 2 16 . 20 62 . 3 1  0 . 049 0 . 154 0 . 154 0 . 035 
659 . 50 2 15 .40 62 . 3 1  0 . 049 0 . 154 0 . 1 54 0 . 035 
659 . 7 5  306 . 9 0  62 . 3 1  0 . 034 0 . 1 1 6  0 . 1 16  0 . 02 5  
660 . 25 307 . 9 0  62 . 3 1  0 . 034 0 . 1 16  0 . 1 16  0 . 02 5  
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TABLE VII 
DATA FOR CALIBRATION OF 15" WEIR SECTION - WITHOUT ROCK 
CALIBRATION OF 
Weight  o f  Time Sp . Weight  
Water ( sec . )  w 
( lbs . )  ( lbs . /cu . ft . )  
653 . 25 249 . 2 0  62 . 30 
650 . 50 249 . 00 62 . 30 
654 . 7 5 138  . 10 62 . 3 1  
648 . 50 136 . 85 62 . 3 1 
682 . 7 5 144 . 10 62 . 30 
655 . 75 128 . 35 62 . 3 1 
657 . 7 5  82 . TO 62 . 30 
658 . 25 86 . 9 5  62 . 30 
656 . 2 5  64 . 90 62 . 30 
656 . 25 64 . 90 62 . 30 
660 . 7 5  5 3 . 05 62 . 30 
6 6 1 . 7 5  52 . 30 62 . 30 
6 60 . 5 0  40 . 80 62 . 30 
6 6 1 . 50 40 . 85 62 . 30 
664 . 7 5  4 1 . 05 62 . 30 
6 6 1 . 50 29 . 9 5  62 . 30 
658 . 50 29 . 65 62 . 30 
661 . 7 5 2 3 . 9 0  62 . 30 
663 . 25 2 3 . 60 62 . 30 
647 . 50 20 . 55 62 . 30 
666 . 2 5  2 1 . 00 62 . 30 
657 . 5 0  18 . 80 62 . 30 
648 . 7 5  18 . 30 62 . 30 
655 . 00 2 3 .40 62 . 30 
652 . 7 5 2 3 . 35 62 . 30 
652 . 00 35 . 10 62 . 30 
15 INCH WEIR SECTION 
Q Velocity 
, { c fs )  Head
2 
h = V l /2g ft . 
0 . 042 
0 . 042 
0 . 07 6  
0 . 07 6  
0 . 076  � 
0 . 082 H p'.:I 
0 . 1 2 8  H c.!) 
0 . 122  H H 
0 . 1 62 c, 
0 . 1 62 z 
0 . 200 
0 . 203 
0 . 2 60 0 . 00 1  
0 . 260 0 . 00 1  
0 . 2 60 0 . 00 1 
0 . 354 0 . 00 1  
0 . 356 0 . 00 1  
0 . 444 0 . 00 1  
0 .45 1 0 . 001  
0 . 506  0 . 002 
0 . 509 0 . 002 
0 . 5 6 1  0 . 002 
0 . 569 0 . 002 
0 . 449 0 . 001  
0 . 449 0 . 001  
0 . 29 8  0 . 001  
- NO  ROCK 
S tatic  Head 
H 
( ft . )  
0 . 040 
0 . 040 
0 . 062 
0 . 062 
0 . 062 
0 . 066 
0 . 092 
0 . 09 2  
0 . 1 1 5  
0 . 1 1 5  
0 . 128  
0 . 128  
0 . 165 
0 . 165 
0 . 165 
0 . 202 
0 . 202 
0 . 2 32 
0 . 2 32 
0 . 257  
0 . 257  
0 . 274 
0 . 274 
0 . 240 
0 . 240 
0 . 184 
Tota l Head 
H + h  
( ft . ) 
0 . 040 
0 . 040 
0 . 062 
0 . 062 
0 . 062 
0 . 066  
0 . 092  
0 . 09 2  
0 . 1 1 5  
0 . 1 15 
0 . 128  
0 . 1 28  
0 . 166  
0 . 166  
0 . 166  
0 . 203  
0 . 2 03 
0 . 233  
0 . 2 33  
0 . 2 59  
0 . 259  
0 . 2 7 6  
0 . 2 7 6  
0 . 24 1 
0 . 241  




( ft . /s ec .) 
0 . 032 
0 . 032 
0 . 058  
0 . 058 
0 . 058  
0 . 062 
0 . 095  
0 . 090  
0 . 1 1 8  
0 . 1 1 8  
0 . 145 
0 . 147 
0 . 183 
0 . 183 
0 . 1 83 
0 . 244 
0 . 245 
0 . 199  
0 . 303 
0 . 335 
0 . 337 
0 . 367 
0 . 37 2  
0 . 300 
0 . 300 
0 . 2 07 
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Weight  of  Time Sp . Weight Q Velocity S tatic  Head Tota l Head V e locity 
Water (sec . )  w (C fs ) Head2 H H + h v 1 ( ft . /sec . )  
( lbs . )  ( lbs . / cu .  ft . ) h = V l /2g ( ft . )  ( ft . )  
ft . 
649 . 00 34 . 80 62 . 30 0 . 29 9  0 . 00 1  0 . 184 0 . 185 0 . 2 08 
667 . 7 5 60 . 85 62 . 30 0 . 17 6  0 . 129  0 . 12 9  0 . 12 7  
659 . 7 5  60 . 00 62 . 30 0 . 17 6  i::z::i 0 . 129  0 . 129  0 . 12 8  ...:t 
653 . 25 156  . 40  62 . 3 1  0 . 067  � 0 . 063 0 . 063 0 . 05 1  
662 . 75 1 60 .40  62 . 3 1  0 . 066  C!> 0 . 063 0 . 063 0 . 050 
4 17 . 50 309 . 55 62 . 3 1 0 . 02 2  ...:t 0 . 029 0 . 02 9  0 . 0 1 7  
4 16 . 2 5 3 10 . 70 62 . 3 1  0 . 02 2  t:.il 0 . 029 0 . 029  0 . 0 17 z 
TABLE VIII 
DATA FOR CALIBRATION OF 12" WEIR SECTION - 1" to 1\" ROCK 
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CALIBRATION OF 12 INCH WEIR SECTION - l" to l\" ROCK 
Weight of  Time Sp . Weight  Q Ve locity S tatic  Head Tota l Head Ve locity 
Water ( s ec . )  w ( cfs )  Head2 H H + h V ( ft . /s e c . )  
( lbs . )  ( lbs . /cu . ft . ) h = V l 
/2g (ft . )  ( ft . )  1 
ft . 
2 3 1 . 25 309 . 90 62 . 2 6  0 . 0 1 2  0 . 029 0 . 029 0 . 01 2  
2 3 1 . 7 5  3 10 . 10 62 . 25 0 . 0 12 0 . 029  0 . 029  0 . 0 1 2  
67 1 . 00 2 3 1 . 25 62 . 27 0 . 047 0 . 154 0 . 1 54 0 . 04 1  
665 . 2 5  2 2 8 . 65 62 . 2 8  0 . 047 0 . 154 0 . 154 0 . 040  
654 . 00 182 . 80 62 . 30 0 . 05 7  0 . 19 6  0 . 19 6  0 . 048  
658 . 00 185 . 10 62 . 30 0 . 057  0 . 1 9 6  0 . 19 6  0 . 048 
657 . 2 5  129 . 90 62 . 30 0 . 08 1  0 . 258  0 . 258  0 . 064 
660 . 25 1 30 .45  62 . 30 0 . 08 1  0 . 258  0 . 258  0 . 064 
660 . 00 9 2 . 35 62 . 30 0 . 1 15 0 . 350 0 . 350 0 . 085 
653 . 5 0  9 1 . 20 62 . 30 0 . 1 15  0 . 350  0 . 350 0 . 085 
665 . 00 7 0 . 9 0  62 . 3 1  0 . 15 1  0 . 450 0 . 450 0 . 104 
658 . 7 5 7 0 . 2 0  62 . 3 1  0 . 15 1  0 . 450 0 . 450 0 . 1 04 
677  . so 62 . 80 62 . 3 1  0 . 17 3  i:z::i 0 . 5 12 0 . 5 12 0 . 1 14 ...:I 
666 . 25 62 .05  62 . 3 1  0 . 17 2  
,::t:l 0 . 5 1 2  0 . 5 12  0 . 1 14 H 
6 6 1 . 50 54 . 40 62 . 30 0 . 19 5  
t!> 0 . 57 5  0 . 57 5  0 . 124 H 
657 . 7 5 54 . 50 62 . 30 0 . 194 
...:I 0 . 5 75  0 . 5 75  0 . 123  t!> 
655 . 2 5  44 . 85 62 . 30 0 . 2 34 i:z::i 0 . 682 0 . 682 0 . 1 39 z 
659 . 7 5 45 . 2 5  62 . 30 0 . 2 34 0 . 682 0 . 682 0 . 139 
664 . 7 5 43 . 05 62 . 30 0 . 248 0 . 7 22  0 . 7 22  0 . 144 
658 . 00 42 . 30 62 . 30 0 . 250 0 . 7 22  0 .  7 2 2  0 . 145 
6 6 1 . 2 5  5 1 .40 62 . 30 0 . 206  0 . 6 12 0 . 6 1 2  0 . 1 28  
664 . 50 5 1 . 50 62 . 30 0 . 2 07 0 . 6 10 0 . 610 0 . 128  
659 . 00 5 1 . 10 62 . 30 0 . 2 07 0 . 6 10  0 . 6 10 0 . 12 8  
663 . 5 0  49 .45 62 . 30 0 . 2 15 0 . 632 0 . 632 0 . 132 
675 . 25 50 . 05 62 . 30 0 . 2 17 0 . 6 32 0 . 632 0 . 1 32 
670 . 25 55 . 85 62 . 30 0 . 19 3  0 . 5 7 3  0 . 5 7 3  0 . 122  
6 6 1 . 7 5  55 . 35 62 . 30 0 . 192  0 . 5 7 3  0 . 5 7 3  0 . 12 2  
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Weight  of  Time �p .  Weight  Q Ve locity S tatic  Head Tota l Head Velocity 
Water (s ec . )  w ( c fs) Head2 H H + h vl ( ft . /s ec . )  
( lbs . )  ( lbs . /cu . ft . )  h = V l /2g ( ft . ) ( ft . ) 
ft . 
666 . 00 90 . 90 62 . 30 0 . 1 1 8  0 . 362 0 . 362 0 . 086 
667 . 25 9 1 . 10 62 . 30 0 . 1 1 8 0 . 362 0 . 362 0 . 086 
657 . 2 5  14 1 . 05 62 . 30 0 . 07 5  0 . 245 0 . 245 0 . 060 
659 . 50 141 . 70  62 . 30 0 . 07 5  0 . 245 0 . 245 0 . 060 
667 . 00 248 . 55 62 . 30 0 . 043 � 0 . 150  0 . 150 0 . 037 
662 . 00 248 . 05 62 . 30 0 . 043 ,::Q 0 . 150  0 . 150  0 . 037 H 
656 . 5 0  4 1 1 .45 62 . 30 0 . 02 6  C!> 0 . 09 2  0 . 09 2 0 . 02 3  1-1 
652 . 50 4 1 1 . 20 62 . 30 0 . 02 6  i-:1 0 . 092  0 . 092 0 . 02 3  
640 . 50 444 . 20 62 . 3 1  0 . 02 3 � 0 . 07 8  0 . 078  0 . 02 1 
630 . 50 440 . 2 0  62 . 3 1  0 . 023 0 . 07 8 0 . 07 8 0 . 02 1  
127  . oo 37 1 . 00 62 . 3 1  0 . 006 0 . 029 0 . 029 0 . 005 
TABLE IX 
DATA FOR CALIBRATION OF 12" WEIR SECTION - WITHOUT ROCK 
CALIBRATION OF 12 INCH WEIR SECTION 
Weight  of  Time Sp . Weight Q Ve loci ty 
Water ( s ec . )  w (cfs )  Head2 
( lbs . )  ( lb s  . / cu . ft . ) h = v1 /2g 
ft . 
605 . 00 177 . 9 0  62 . 3 1  0 . 055 
650 . 2 5  19 1 .  7 5 62 . 3 1  0 . 054 µ;l 
653 . 25 9 8 . 30 62 . 3 1  0 . 1 07 H !:!:I 
6 37 . 7 5  9 5 . 7 0  ·62 . 3 1  0 . 107 H 0 
652 . 50 59 . 05 62 . 3 1  0 . 1 77  H ...:I 
659 . 00 59 . 85 62 . 3 1  0 . 1 7 7  0 Jil 
665 . 30 45 . 7 0  62 . 3 1 0 . 2 34 z 
679 . 2 5 46 . 20  62 . 3 1  0 . 236 
650 . 50 32 . 50 62 . 3 1  0 . 322 0 . 001  
658 . 7 5  32 . 80 62 . 3 1 0 . 322  0 . 00 1  
667 . 25 2 6 . 65 62 . 3 1  0 .402 0 . 002 
647 . so 25 . 80 62 . 3 1  0 .402 0 . 002 
628 . 00 20 . 30 62 . 3 1  0 . 496  0 . 002 
66 1 . 25  2 1 .40 62 . 3 1  0 .49 6 0 . 002 
635 . 00 18 . 5 0  62 . 3 1  0 . 550  0 . 003 
641 . 75 19 . 00 62 . 3 1  0 . 542 0 . 003 
653 . 25 2 3 .05  62 . 3 1  0 . 455 0 . 002 
646 . 2 5  22 . 7 0  62 . 3 1  0 . 458 0 . 002 
649 . 2 5  2 3 . 00 62 . 3 1  0 .453 0 . 002 
646 . 00 27 . 60 62 . 3 1  0 . 37 6  0 . 002 
644 . 25 2 7 . 50 62 . 3 1  0 . 37 6  0 . 002 
640 . 00 35 .45 62 . 3 1  0 . 290  0 . 00 1  
652 . 25 36 . 05 62 . 3 1 0 . 290  0 . 00 1  
647 . 25 50 . 2 0 62 . 3 1  0 . 207 0 . 00 1 
650 . 7 5 50 . 5 5  62 . 3 1  0 . 207 0 . 00 1 
6 6 1 . 00 79 . 05 62 . 3 1 0 . 1 34 0 . 000 
672 . 2 5  80 . 50 62 . 3 1  0 . 134 0 . 000 
654 . 5 0  2 17 . 15 62 . 3 1  0 . 048 0 . 000 
67 3 . 7 5  2 23 . 9 0  62 . 3 1  0 . 048 0 . 000 
- NO ROCK 
S tatic  Head Tota l Head 
H H + h 
(ft . )  ( ft . )  
0 . 052  0 . 052 
0 . 052 0 . 052  
0 . 07 9 0 . 07 9  
0 . 079 0 . 079  
0 . 12 1  0 . 12 1  
0 . 12 1  0 . 1 2 1  
0 . 150 0 . 1 50 
0 . 150 0 . 150 
0 . 186 0 . 187 
0 . 186 0 . 1 87 
0 . 2 16 0 . 2 18 
0 . 2 16 0 . 2 18 
0 . 2 32 0 . 2 34 
0 . 2 32 0 . 2 34 
0 . 265 0 . 268  
0 . 265 0 . 2 68  
0 . 238  0 . 240 
0 . 2 38 0 . 240 
0 . 238  0 . 240 
0 . 208 0 . 2 10 
0 . 208 0 . 2 10 
0 . 17 8  0 . 179  
0 . 17 8  0 . 179  
0 . 141 0 . 142 
0 . 14 1 0 . 142 
0 . 1 04 0 . 1 04 
0 . 1 04 0 . 1 04 
0 . 054 0 . 054 




( ft . / sec . )  
0 . 052 
0 . 052  
0 . 09 8  
0 . 100 
0 . 15 8  
0 . 15 7  
0 . 203 
0 . 204 
0 . 2 7 0  
0 . 27 1  
0 . 330 
0 . 330 
0 .402 
0 . 401  
0 . 434 
0 .427 
0 . 366  
0 . 368 
0 . 365 
0 . 3 10  
0 . 3 1 0  
0 . 245 
0 . 246 
0 . 18 1  
0 . 18 1  
0 . 12 1  
0 . 12 1  - ·  
0 . 046 
0 . 046 
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TABLE X 
DATA FOR CALIBRATION OF 18" WEIR SECTION - \" to 3/4" ROCK 
CALIBRATION OF 18 INCH WEIR SECTION -
Weight  o f  Time Sp . Weight Q 
Water (sec . )  w ( c fs )  
( lbs . )  ( lbs . /cu . ft . )  
659 . 00 463 . 2 0 62 . 2 7 0 . 02 3  
658 . 00 466 . 2 0  62 � 2 8  0 . 02 3  
662 . 50 1 16 . 80 62 . 2 8  0 . 09 1  
663 . 00 1 17 . oo 62 . 30 0 . 09 1  
666 . 25 9 3 . 45 62 . 30 0 . 1 14 
678 . 00 9 5 . 00 62 . 30 0 . 1 1 5  
666 . 00 9 2 . 60 62 . 30 0 . 1 1 5  
660 . 50 9 1 . 80 62 . 30 0 . 1 1 6  
640 . 2 5 7 5 .40  62 . 30 0 . 136 
664 . 00 79 . 45 62 . 30 0 . 1 34 
667 . 7 5  64 . 30 62 . 30 0 . 167 
67 3 . 9 5  64 . 7 0  62 . 30 0 . 1 67 Pc:i 
669 . 00 57 . 80 62 . 30 0 . 186 p::i H 
6 74 . 00 58 . 05 62 . 30 0 . 186 c, H 
668 . 7 5  49 . 20 62 . 30 0 . 2 1 8 ...:I 
666 . 50 49 . 00 62 . 30 0 . 2 18 Pc:i z 
666 . 15 43 .40 62 . 30 0 . 246 
668 . 50 43 . 60 62 . 30 0 . 246 
668 . 25 39 . 20 62 . 30 0 . 274 
665 . 00 38 . 9 5  62 . 30 0 . 274  
666 . 75 48 . 20 62 . 30 0 . 2 22  
6 6 1 . 7 5  47 . 60 62 . 30 0 . 22 3  
672 . 2 5  68 . 70 62 . 30 0 . 1 57 
660 . 2 5 67 . 80 62 . 30 0 . 156  
675 . 00 84 . 60 62 . 30 0 . 1 28  
659 . 2 5  82 . 50 62 . 3 0  0 . 128  
1 /2" to 3 /4" ROCK 
S tatic  Head Tota l Head 
H H + h 
( ft . )  ( ft . )  
0 . 08 1  0 . 08 1  
0 . 080 0 . 080 
0 . 32 9  0 . 329  
0 . 33 1  0 . 33 1  
0 .4 12 0 . 412  
0 . 412  0 . 412  
0 .4 18 0 . 4 18  
0 .4 18  0 .4 1 8  
0 . 492 0 . 492 
0 .492 0 . 49 2 
0 . 592  0 . 59 2  
0 . 592 0 . 59 2 
0 . 653 0 . 653  
0 . 653  0 . 65 3  
0 .  7 52 0 . 7 52  
0 . 7 5 2  0 . 7 5 2  
0 . 834 0 . 834 
0 . 834 0 . 834 
0 . 89 2  0 . 89 2  
0 . 89 2  0 . 89 2  
0 . 752 0 . 752  
0 . 7 52 0 . 7 52  
0 . 549 0 . 549 
0 . 549 0 . 549 
0 . 459 0 . 459 
0 .459 0 . 459 
Ve locity 
v l  
( ft . /s ec . )  
0 . 0 14 
0 . 0 14 
0 . 050 
0 . 049 
0 . 059 
0 . 060 
0 . 060 
0 . 060  
0 . 068  
0 . 067 
0 . 07 9  
0 . 080 
0 . 086 
0 . 086 
0 . 09 6  
0 . 09 6 
0 . 105 
0 . 105 
0 . 1 14 
0 . 1 14 
0 . 09 8  
0 . 099 
0 . 07 6  
0 . 07 6  
0 . 065 
0 . 065 
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94-
Weight of Time Sp . Weight Q Velocity S tatic  Head Total Head Ve locity 
Water (sec . )  w ( cfs) Head2 H H + h v 1 (ft . /sec . )  
( lbs . )  ( lbs . /cu . ft . )  h = v 1 /2g (ft . )  (ft . )  
ft . 
683 . 7 5  140 . 7 0  62 . 30 0 . 07 8  0 . 2 89 0 . 2 89 0 . 043 
654 . 2 5  135 . 00 62 . 30 0 . 07 8  0 . 2 89 0 . 2 89 0 . 043 
664 . 7 5 1 88 . 9 0 62 . 30 0 . 05 6  0 . 2 08 0 . 2 08 0 . 033 
7 02 . 25 2 00 . 30 62 . 30 0 . 056  0 . 2 08 0 . 208 0 . 033 
659 . 00 2 9 6 . 70 62 . 30 0 . 036  0 . 132 0 . 132  0 . 022 
656 .50 2 9 8 . 80 62 . 30 0 . 035 0 . 129  0 . 129  0 . 02 2  
662 . 50 399 . 30 62 . 30 0 . 02 7  0 . 09 6  0 . 09 6 0 . 0 1 6  
658 .50 400 . 80 62 . 30 0 . 02 6  0 . 09 6  0 . 09 6  0 . 0 1 6  
685 . 7 5  169 . 60 62 . 29 0 . 065  0 . 2 37 0 . 2 37  0 . 037 
658 . 2 5  1 62 . 9 0  62 . 2 9 0 . 065 0 . 2 37  0 . 2 37 0 . 037  
667 . 50 37 .45 62 . 29 0 . 2 86  0 . 92 8  0 . 9 2 8  0 . 1 17 
67 6 . 7 5  37 . 60 62 . 2 9  0 . 2 89 0 . 92 8  0 . 9 2 8  0 . 1 18 
665 . 00 45 . 00 62 .29 0 .237 0 . 800 0 . 800 0 . 1 03 
662 . 00 44 . 80 62 . 2 9  0 . 2 37 J:il 0 . 800 0 . 800 0 . 103 
668 . 00 104 . 80 62 . 29 0 . 102 H 0 . 37 1  0 . 37 1  0 . 054 i:Q 
662 . 50 103 . 7 5 62 . 2 9 0 . 102 H 0 . 37 1  0 . 37 1  0 . 054 C!) 
696 . 7 5 1 28 . 05 62 . 29 0 . 087 H 0 . 320  0 . 320 0 . 048 ts 662 . 25 12 1 . 9 0  62 . 2 9  0 . 087 J:il 0 . 320  0 . 320  0 . 048 
664 . 7 5  159 . 00 62 . 29 0 . 067 z 0 . 248 0 . 248 0 . 038 
659 . 25 158 . 00 62 . 29 0 . 067 0 . 248 0 . 248 0 . 038 
662 . 7 5 2 39 . 80 62 . 29 0 . 044 0 . 1 65 0 . 165  0 . 1 09 
7 1 1 . 50 259 . 60 62 . 29 0 . 044 0 . 1 65 0 . 1 65  0 . 109 
6 60 . 2 5 3 3 1 . 80 62 . 2 9 0 . 032 0 . 1 15 0 . 1 1 5  0 . 07 6  
660 . 50 333 . 00 62 . 29 0 . 032 0 . 1 15 0 . 1 15 0 . 07 6  
366 . 00 472  . 30 62 . 29 0 . 0 1 3  0 . 039 0 . 039 0 . 02 6  
562 . 7 5  7 2 7  . o  O 62 . 2 9  0 . 0 1 3  0 . 039 0 . 039 0 . 02 6  
., ..... 95 
TABLE XI 
DATA FOR CALIBRATION OF 1 8" WEIR SECTION - 3 / 4" to 1" ROCK 
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CALIBRATION OF 18  INCH WEIR SECTION - 3 /4" to l" ROCK 
Weight  of  Time Sp . Weight Q Ve locity S tatic Head Total Head Ve loci ty 
Water ( s ec . )  w ( cfs ) Head
2 H H + h v 1 ( ft . / s ec . )  ( lbs . )  ( lbs . /cu . ft . )  h = v
1 
/2g ( ft . )  ( ft . ) 
ft . 
665 . 50 164 . 15 62 . 29 0 . 065 0 . 2 17 0 . 2 17 0 . 038 
7 2 3 . 7 5 17 8 .  85 62 � 29 0 . 065 0 . 2 17 0 . 2 17 0 . 038 
666 . 25 1 13 . 9 5  62 . 29 0 . 094 0 . 304 0 . 304 0 . 052 
669 . 50 1 14 . 65 62 . 29 0 . 094 0 . 304 0 . 304 0 . 052 
67 0 . 50 86 . 10 62 . 29 0 . 125  0 . 400 0 . 400 0 . 065 
67 1 . 25 86 . 10 62 . 29 0 . 1 25  0 .400 0 . 400 0 . 066 
663 . 2 5 68 . 7 0 62 . 29 0 . 155 0 . 489 0 . 489 0 . 07 7  
664 . 2 5  68 . 60 62 . 29 0 . 1 55 0 .489 0 . 489 0 . 07 8  
67 1 . 50 57 . 10 62 . 29 0 . 1 89 0 . 578  0 . 5 78  0 . 090 
667 . oo 56 . 9 0 62 . 2 9 0 . 188 0 . 5 78  0 . 5 7 8  0 . 090  
667 . 25 47 . 90 62 . 29 0 . 224 
µ:l 
0 . 67 7  0 . 67 7  0 . 102 
664 . 50 47 . 30 62 . 29 0 . 22 6  ...:t 0 . 67 7  0 . 67 7  0 . 103 � 
672 . 00 44 . 05 62 . 29 0 . 245 H 0 .  7 35 0 .  7 35 0 . 109 
67 1 . 5 0  43 . 90 62 . 29 0 . 246 
0 
0 . 7 35 0 . 7 35 0 . 109 
666 . 50 40 .45 62 . 29 0 . 2 64 0 o .  788 0 .  7 88 0 . 1 15  
670 . 2 5 40 . 55 62 . 2 9  0 . 2 65 
µ:l 
0 .  7 88 0 . 7 88 0 . 1 15 z 
666 . 2 5 40 . 20 62 . 2 9  0 . 2 66  0 . 7 88 0 . 7 88 0 . 1 16 
67 1 . 7 5 37 . 20 62 . 29 0 . 2 90  0 . 848 0 . 848 0 . 123  
668 . 25 37 . 00 62 . 29 0 . 2 90 0 . 848 0 . 848 0 . 123  
669 . 50 34 . 35 62 . 29 0 . 3 13 0 . 904 0 . 9 04 0 . 130  
666 . 50 34 . 00 62 . 29 0 . 3 15  0 . 9 04 0 . 9 04 0 . 1 30 
664 . 7 5  50 . 10 62 . 29 0 . 2 13 0 . 656 0 . 656  0 . 099  
667 . 7 5 50 .45 62 . 2 9  0 . 2 12 0 . 656 0 . 656 0 . 09 8  
665 . 7 5  65 . 90 62 . 2 9  0 . 1 62 0 . 5 1 8 0 . 5 1 8  0 . 080 
665 . 2 5  66 . 05 62 . 29 0 . 162 0 . 5 18 0 . 5 1 8  0 . 080 
664 . 7 5  74 . 55 62 . 29 0 . 143 0 . 462 0 . 462 0 . 07 2  
97 
Weight of  Time Sp . Weight  Q Ve loci ty S tatic  Head To ta l Head Ve loci ty 
Water (s ec . )  w ( cfs)  Head2 H H + h v1 ( ft . / s ec . )  
( lbs . ) ( lbs . /cu . f t . ) h = V l 
/2g ( ft . )  ( ft . )  
ft . 
669 . 50 75 . 00 62 . 2 9 0 . 143 0 . 462 0 . 462 0 . 07 3  
667 . 7 5  9 6 . 20 62 . 2 9  0 . 1 1 1  µ:! 0 . 37 1  0 . 37 1  0 . 06 1  ...:t 
67 1 . 00 9 6 . 60 62 . 2 9  0 . 1 12 � 0 . 37 1  0 .  37 1 0 . 06 1  H 
397 . 25 163 . 2 5  62 . 29 0 . 039 c.!) 0 . 148 0 . 148 0 . 024 H 




DATA FOR CALIBRATION OF 18n WEIR SECTION - 1\n to 4n ROCK 
CALIBRATION OF 1 8 INCH WEIR SECTION Vi' 1 to 4 1 1  ROCK 
Weight of  Time Sp . Weight  Q Velocity S tatic  Head Tota l Head Ve locity 
Water ( sec . )  w ( c fs )  Head2 H H + h v 1 ( ft . /s ec . )  ( lbs . )  ( lbs  . /cu . ft . )  h = V 
l 
/2g ( ft . )  ( ft . )  
ft . 
669 . 50 102 . 90 62 . 2 9  0 . 104 0 . 2 7 8  0 . 2 7 8  0 . 058 
666 . 7 5  102 . 7 5 62 . 29 0 . 104 0 . 2 7 8  0 . 2 7 8  0 . 058 
670 . 25 7 7  . 60 62 . 29 0 . 1 39 0 . 36 1  0 . 36 1 0 . 074 
670 . 50 7 7  . so 62 . 2 9  0 . 139 0 . 36 1  0 . 36 1  0 . 074 
672 . 7 5  5 9  . 10 62 . 29 0 . 183 0 . 454 0 . 454 0 . 09 3 
666 . 7 5 5 8 .45 62 . 2 9  0 . 183 0 . 454 0 . 454 0 . 093  
665 . 2 5 46 . 80 62 . 2 9  0 . 228  J::tl 0 . 542 0 . 542 0 . 1 1 1 
669 . 7 5  47 . 35 62 . 29 0 . 227  ...,:i 0 . 542 0 . 542 0 . 1 1 1  p'.:l 
667 . 2 5  45 . 65 62 . 29 0 . 2 35 H 0 . 554 0 . 554 0 . 1 14 c.!> 
67 1 . 25  45 . 80 62 . 29 0 . 235 H 0 . 554 0 . 554 0 . 1 14 ...,:i 
67 5 . 80 39 . 80 62 . 29 0 . 2 7 3  c.!> 0 . 627  0 . 62 7  0 . 12 7  � 
662 . 7 5  38 . 80 62 . 2 9  0 . 2 74 z 0 . 62 7  0 . 627  0 . 12 8  
678 . 7 5 32 . 7 5 62 . 29 0 . 333 0 . 7 25  0 . 72 5  0 . 149 
6 5 1 . 7 5 3 1 . 15 62 . 29 0 . 336 0 . 7 2 5  0 . 7 25  0 . 150 
656 . 2 5  2 6 . 85 62 , 29 0 . 392  0 . 8 15 0 . 8 15  0 . 169 
6 65 . 25 27  . 30 62 . 29 0 . 39 1  0 . 8 15 0 . 8 15 0 . 1 68 
658 . 7 5  2 3 . 50 62 . 2 9 0 . 450  0 . 00 1 0 . 888 0 . 889 0 . 1 87 
6 6 1 . 7 5 2 3 . 85 62 . 29 0 . 445 0 . 00 1  0 . 888 0 . 889 0 . 186 
662 . 25 28 . 7 0  62 . 2 9 0 . 37 0  0 .  788 0 . 7 88 0 . 1 6 1  
666 . 7 5  2 8 . 80 62 . 29 0 . 37 2  0 . 7 88 0 . 7 88 0 . 162 
663 . 5 0  35 . 85 62 . 2 9 0 . 297  � 0 . 672  0 . 672  0 . 136 ...:t 
657 . 7 5  35 . 10 62 . 29 0 . 30 1 p'.:l 0 . 67 2  0 . 67 2  0 . 1 38 H 
652 . 00 40 . 7 5 62 . 29 0 . 257 c.!> 0 . 592  0 . 592 0 . 12 2 H 
653 . 25 4 1 . 80 62 . 29 0 . 25 1 ...:t 0 . 592 0 . 592  0 . 1 19 c.!> 
66 1 . so 5 1 . 30 62 . 2 9  0 , 2 07 ril 0 . 5 08 0 . 508 0 . 102 
659 . 00 5 1 . 40 62 . 29 0 . 2 06 0 . 508 0 . 508 0 . 102 
i.(}O. 
Weight  o f  Time Sp . Weight  Q Velocity S tati c  Head Tota l Head Ve locity 
Water ( sec . )  w ( c fs )  Head2 
H H + h V / ft . /sec . )  
( lbs  . ) ( lbs . /cu . ft . )  h = V 
l 
/2g ( ft . ) ( ft . )  
ft . 
663 . 25 7 0 .45 62 . 29 0 . 15 1  0 . 392  0 . 392 0 . 079  
670 . 00 7 1 .40  62 . 29 0 . 15 1  0 . 39 2  0 . 39 2  0 . 07 9  
664 . 75 92 . 65 62 . 29 0 . 1 1 5  0 . 308 0 . 308 0 . 063  
662 . 00 92 . 10 62 . _29  0 . 1 1 5  µ.l 0 . 308 0 . 308 0 . 063 
655 . 50 130  . 30 62 . 29 0 . 08 1  p:i 0 . 22 5  0 . 22 5  0 . 046 H 
662 . 50 1 32 . 00 62 . 29 0 . 08 1  C,!) 0 . 2 2 5  0 . 2 2 5  0 . 046 H 
449 . 50 156 . 00 62 . 29 0 . 046 t-l 0 . 12 8  0 . 12 8  0 . 028  
4 13 . 50 145 . 7 0  62 . 2 9  0 . 046 µ.l 0 . 128  0 . 1 28  0 . 028  z 
389 . 7 5  2 2 6 . 00 62 . 2 8  0 . 028 0 . 067 0 . 067 0 . 0 18  
38 1 . 2 5  222 . 00 62 . 2 8 0 . 028  0 . 067 0 . 067 0 . 0 18  
�1 
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